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UKCLAfiSXrXlD  ABSTRACT 


Th«  purpose  of  this  program  was  the  design,  development, 
fabrication,  and  field  test  of  a  hydropneumatic  suspension  system 
for  the  AAV-7A1  Amphibian  Assault  Vehicle.  The  system  consists  of 
twelve  (12)  self-contained,  externally-mounted  In-arm  suspension 
units  (ISU)  and  two  (2)  spare  units.  The  ISU  Is  constructed  with 
a  hydropneumatic  spring  within  the  roadarm  and  a  hydromechanlcally- 
oontrolled,  friction  disc  damper  located  within  the  roadarm 
spindle. 

The  award  of  Contract  #N00167-88-C-0024  In  January  1988  by  the 
Marine  corps  Program  Office  of  the  David  Taylor  Research  Center 
(DTRC)  to  Cadillac  Gage  Textron  Inc.  (CGTI)  began  the  four-task 
program.  After  the  conclusion  of  Phase  I,  the  design  phase,  the 
Design  Report  for  an  In-Arm  Hydropneumatic  Suspension  Unit,  dated 
September  1988,  was  published  and  distributed.  This  report  Is 
available  from  the  David  Taylor  Information  Center  (DTIC  No. 
A2 05094) .  The  program  eventually  culminated  in  vehicle  testing  at 
the  Marine  Corps  Amphibian  Vehicle  Test  Branch  (AVTB) ,  Camp 
Pendleton,  California.  The  basic  scope  of  work  and  field  support 
were  completed  by  November  1990.  An  added  scope  of  this  contract 
was  the  design  and  laboratory  test  of  a  retractable  ISU.  The  final 
report  for  this  effort  is  included  in  this  document  as  an  addendum. 
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1.0 


INTRODUCTION 


This  final  report  is  in  response  to  CDRL  Item  No.  0004  of  Contract 
No.  N00167-88-C-0024 ,  TasK  IV.  Included  is  a  review  of  Task  I,  the 
design  of  a  hydropneumatic  in-arm  suspension  system;  and  a  summary 
of  Task  II,  fabrication  and  laboratory  test,  and  Task  III,  vehicle 
installation  and  field  testing. 


1.1  Background  and scope 

The  award  of  Contract  No.  N00167-88-C-0024  to  Cadillac  Gage  Textron 
by  the  Marine  Corps  Program  Office  of  the  David  Taylor  Research 
Center  occurred  in  January  1988.  As  is  specified  in  the  Statement 
of  Work  (SOW)  of  the  contract,  the  suspension  system  consists  of  12 
units  plus  two  spares,  and  all  hardware  to  integrate  the  units  into 
an  AAV7A1  vehicle. 

Task  I,  CDRL  Item  No.  0001,  the  design  phase,  encompassed  the 
conceptual  design,  vehicle  installation  and  unit  layout,  and 
component  detailing  of  the  6,000-‘pound  static  load  capacity  (6K) 
in-arm  suspension  unit  (ISU) ,  shown  in  Figure  1-1.  Vehicle  load 
analyses,  classic  stress  and  finite  element  analyses,  and  simulated 
vehicle  ride  analyses  using  the  VEHDYN  II  ride  modelling  program 
were  performed  during  this  phase. 

Task  II,  CDRL  Item  No.  0002,  consisted  of  component  procurement  and 
fabrication,  unit  assembly,  and  laboratory  tasting.  Testing  was 
performed  on  component  assemblies  before  installation  into  the 
ISUs,  as  well  as  on  the  6K  unit  assemblies. 

During  Task  III,  CDRL  Item  No.  0003,  upweighting  of  the  test 
vehicle,  installation  of  the  6K  suspension  system,  instrumentation 
of  the  system  to  record  unit  velocities  and  pressures,  and  vehicle 
absorbed  power,  and  field  testing  were  accomplished.  The  test 
vehicle  was  a  prototype  AAV7A1  chassis  designated  the  LVTPX-12, 
shown  in  Figure  1-2.  Vehicle  testing  was  performed  at  Cadillac 
Gaga's  Warren,  Michigan  facility,  testing  facilities  in  Oxford, 
Michigan,  the  Marine  Corps  Amphibian  Vehicle  Test  Branch  (AVTB)  at 
Camp  Pendleton  in  Oceanside,  California  and  the  Marine  Corps  Air 
Ground  Combat  Center  (AGCC)  in  Twenty  Nine  Palms,  California. 


1.2  ObjtfltiYa 

The  purpose  of  this  report  is  to  summarize  the  above  tasks, 
including  problems  that  were  identified  during  laboratory  testing, 
vehicle  installation,  and  field  testing,  and  the  design  changes 
made  and  proposed  as  a  result  of  these  identified  problems.  This 
is  discussed  in  the  following  sections. 


2.0 


SUSPENSION  DESIGN  REVIEW 


FIGURE  1-1 


2.1  System  Roauirements 

The  objective  of  the  contract  was  the  design  of  a  hydropneumatic 
suspension  system  for  the  AAV7A1  assault  amphibian  vehicle  that  was 
lightweight,  self-supporting,  corrosion-resistant,  improved  vehicle 
performance,  and  maximized  vehicle  interior  volume.  The  system 
specifications  called  for  twelve  units  with  adjustable  dampers,  and 
the  capability  of  providing  for  roadwheel  loading  of  3.5g's  and  a 
15%  vehicle  weight  growth.  Contract  system  requirements  were  as 
follows: 


1.  Minimum  vehicle  ground  clearance  of  16  inches. 

2.  Vehicle  heave  frequency  of  1  to  1.5  Hertz. 

3.  System  weight  target  of  2,250  pounds. 

'  4.  Minimum  of  12  inches  of  jounce  travel  and  4  inches  of 
rebound  travel. 

5.  Able  to  operate  in  temperatures  from  -65  to  125  degrees 
Fahrenheit. 

6.  Able  to  withstand  bearing  loads  of  34,235  pounds 
vertical,  20,000  pounds  lateral,  and  a  combination  of 
17,300  pounds  lateral  and  21,600  pounds  vertical. 

7.  Clearance  of  2.124  Inches  maintained  between  the  inside 
edge  of  the  track  and  the  vehicle  hull. 

2.2  CGT  Design.  Parameters 

Table  I,  below,  lists  the  design  parameters  for  the  CGT  suspension 
unit  and  system. 


Table  I. 

Suspension  Design  Parameters 


Suspension  System _ CGT  Design 

Weight  (lbs.) 

Unit  285.0 

System  3,729.8 

Pitch  Frequency  (Hz.)  0.882 

Bounce  Frequency  (Hz.)  1.009 
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Table  I.  (Cont'd) 
Suspension  Design  Parameters 


Suspension  System 


CGT  Design 


Temperature  Effects 

Vehicle  Weight  Growth 

Durability  (hrs.  to 
rebuild) 

Maintenance 


1”  vertical  change 
per  60 *F 

15% 

1,000 

100  dynamic  hrs. 


Corrosion  Protection 


Ballistic  Protection 


Methods  included 
in  Design  Report 

7.62-mm  AP  @  muzzle 
and  6*  obliquity  (2) 


Installation 

Lateral  Clearance  (in.) 


Track  Centerline  to  Hull 

12.625 

Track  to  Hull 

2.125 

Ground  Clearance  (in.) 

17 

Track  Length  on  Ground  (in.) 

155 

Suspension  Unit 

structural 

Bearing  Loads  (lbs.) 

Vertical 

34,235 

Lateral 

20,000 

Combined 

Vertical 

21,600 

Lateral 

17,300 

Spring  System 

Road  Wheel  Travel  (in.) 

Jounce 

12.5 

Rebound 

5.0 

Spring  Rate,  Max.  (g's) 

3.5  @  6K 

3.0  @  7.: 

Damper  System 

Damper  Rate,  Max.  (lbs.) 

G,  000 
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To  more  easily  describe  the  In-Arm  Suspension  Unit  (ISU) ,  it  can  be 
separated  into  three  basin  functional  elements.  These  are: 

♦  Soring  -  The  spring  system  provides  the  necessary 
resistive  force  by  compressing  a  nitrogen  charge  to  oppose 
road  wheel  forces  input  by  static  vehicle  load  and  terrain 
disturbances  over  which  the  vehicle  is  traveling. 

♦  Damper  -  The  damper  system  provides  the  necessary  forces 
to  minimize  vehicle  pitch  and  heave  and  is  activated  In 
response  to  the  velocity  and  position  of  the  road  wheel. 
The  damper  is  comprised  of  a  hydromechanical,  wet  multiple- 
friction  disc  mechanism  located  within  the  center  section  of 
the  roadarm  spindle. 

♦  Structure  -  The  ISU  structure  contains  the  damper,  spring, 
and  bearing  systems  and  is  designed  to  meet  or  exceed  the 
load  criteria  as  required  by  the  vehicle  application  and/or 
the  customer  specification. 


2.3.1  Soring  System 


2. 3. 1.1  System  Description 

The  hydropneumatic  In-arm  suspension  unit  spring  Is  a  slider-crank 
mechanism,  as  depicted  in  Figure  2-1.  Rotation  of  the  roadarm  in 
the  jounce  direction  causes  an  increase  in  the  compression  of  the 
entrapped  nitrogen  volume.  This  compression  results  in  an  increase 
in  gas  temperature  and  pressure  as  described  by  the  nitrogen  real 
gas  equations.  An  increase  in  pressure  is  translated  by  the 
slider-crank  linkage  and  results  in  increasing  torque  on  the 
roadarm.  Thus  the  interaction  of  geometry  and  gas  compression 
forms  the  gas  spring  system. 

Several  key  elements  comprise  the  spring  system.  Variations  of 
these  parameters  within  specified  design  constraints  result  in 
changes  to  the  overall  gas  spring  performance.  These  elements  are: 

♦  Slider-crank  geometry 

♦  Entrapped  gas/oil  volume  ratio 

♦  Gas  precharge  pressure 

These  changes  are  manifested  by  the  road  wheel  position  versus 
force  (spring)  curve. 

The  slider-crank  geometry  was  optimized  during  the  design  process 

and  cannot  be  adjusted  once  hardware  is  fabricated.  The  entrapped 

gas/oil  volume  ratio  and  precharge  pressure  were 

adjusted  during  vehicle  testing  to  improve  the  vehicle's  ride 

performance. 
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Th«  spring  system  produces  a  spring  rate  which  varies  as  a  function 
of  wheel  ,  position.  The  rate  at  the  static  wheel  position  is 
relatively  low,  providing  improved  ride  quality.  However,  as  the 
wheel  approaches  the  jounce  position,  the  spring  rate  increases 
dramatically,  to  prevent  "bottoming  out"  on  rugged  terrain.  The 
characteristics  of  this  variable  rate  spring  are  shown  in  the 
adiabatic  curve  of  Figure  2-2.  Due  to  friction  Inherent  in  the 
system,  the  spring  load  varies  through  the  range  Illustrated  as  the 
unit  goes  from  the  static  position  to  jounce  and  into  rebound. 


2. 3. 1.3  ,aBr.lnfl .gjiallng  syatgin 

A  piston  seal  was  sized  for  the  ISU  design  based  on  the  velocity  of 
the  unit  and  the  force  seen  by  the  spring  system. 

This  seal  oonsista.  of  a  wedge  loaded  sealing  surface  acted  on  by  an 
expansion  ring  with  multiple  coil  springs  to  provide  an  initial 
preload  on  the  sealing  surface.  The  wedge  seal  is  fabricated  from 
polyimlde,  which  is  a  vary  high  modulus,  high  strength  plastic. 
The  wedge  seal  material  resists  extrusion  under  high  pressure  while 
conforming  to  irregularities  in  the  mating  steel  surface,  thus 
forming  an  effective  high  pressure  seal. 

Two  Cadillac  (Sage  designed  spring  loaded  seals  are  used  in  series 
on  the  piston.  This  configuration  forms  a  buffer  zone  between  the 
two  seals;  the  first  seal  is  exposed  to  the  full  pressure  variation 
while  the  second  is  exposed  to  an  almost  constant  static  pressure 
of  3,100  psig.  In  addition,  the  first  seal  acts  as  a  check  valve 
by  venting  any  increase  in  buffer  zone  pressure  back  to  the  oil 
chamber  when  the  spring  returns  to  static  pressure  conditions. 
This  provides  minimum  leakage  and  wear  of  the  second  seal,  and 
hence,  improves  gas  spring  system  reliability/ durability . 


2.3.2  Damper  System 


2. 3. 2.1  System  Description 

The  components  of  the  damper  mechanism  consist  of  a  hydromechanical 
open  loop  control  system  and  a  wet,  multiple-friction  disc  pack 
installed  within  the  roadarm  spindle  and  activated  by  the  rotating 
roadarm.  The  cross-section  of  the  damper  is  shown  in  Figure  2-3. 
The  damper  system  functions  when  the  roadarm  assembly  rotates, 
which  forces  a  cam  mounted  to  the  roadarm  to  drive  a  piston  pump, 
thereby  developing  pressure.  This  pressure,  which  by  virtue  of  cam 
cut  and  relief  valve  is  a  function  of  wheel  velocity  and  position, 
acts  on  the  damper  piston,  which  then  develops  an  axial  clamping 
force  on  the  friction  disc  pack.  The  disc  pack's  function  is  to 
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provide  a  constant  slip  torque  proportional  to  the  applied  clamp 
load,  which  when  rigidly  connected  to  the  roadarm,  translates  into 
a  wheel  damping  force  opposing  roadarm  rotation.  Maximum  pressure 
and  pressure  rise  rate  are  controlled  by  the  relief  valve  and 
Internal  orifice.  When  the  roadarm  returns,  the  spring  loaded  pump 
and  check  valve  resupply  the  hydraulic  fluid  In  the  control  system. 
The  damper  springs  provide  a  nominal  load  on  the  disc  pack  for  low 
speed  damping.  The  damper  subcomponents  are  shown  schematically  in 
Figure  2-4. 


2.3.3  Structure 


The  final  functional  element  of  the  ISU  Is  the  structural  element. 
Stress  Information  gained  from  previous  ISU  design  experience 
contributed  to  the  design  of  the  major  components  of  this  medium 
ISU.  Both  classical  and  finite  element  techniques  were  used  to 
assure  the  structural  Integrity  of  the  unit.  See  CQT  Design  Report 
for  ISU  Model  6KA1-AAV-01-03 ,  dated  September  1988  for  these 
results. 


2. 3. 3.1  Load  criteria 


All  suspension  unit  components  shall  have  adequate  structural 
integrity  to  withstand  the  various  load  conditions  defined  below 
without  permanent  deformation,  long-term  durability  failures,  or 
extreme  rupture,  as  applicable. 


2.3.3. 1.1  Maximum  Load  Conditions 


Wheel  Load,  lbs  (g) 

Load  Condition  Vertical  Lateral 


Static 

7,200 

(1  g) 

0 

Jounce 

21,600 

(3  g) 

0 

Combined 

21,600 

±17,300 

Max.  Lateral 

Max.  Vertical 

34,245 

(proof) 

±20,000 

2. 3. 3. 2  Stress  Analysis 

A  classical  stress  analysis  was 

performed 

for  all  major  components 

that  might  be  affected  by  the  forces  exerted  on  the  ISU  assembly 
during  its  operation,  including  a  determination  of  minimum  and 
maximum  stresses  and  fatigue  characteristics  where  deemed 
necessary.  A  finite  element  analysis  was  completed  for 
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the  initial  roadarm  design,  roadarm  spindle,  torque  cover,  and  end 
cap.  See  the  CGT  Design  Report  for  ISU  Model  6KA1-AAV-01-03  for  the 
details  of  this  analysis. 


2.4  Environmental  Effects 

This  hydropneumatic  suspension  design  has  been  developed  to 
minimize  the  environmental  impact  on  the  integrity  of  the  ISU 
system. 


2.4.1  Thermal 

A  gas  spring's  operational  characteristics  are  affected  by  both 
ambient  temperatures  while  not  In  operation  and  by  an  increase  in 
the  system  temperature  from  the  damper  during  dynamic  operation  of 
the  vehicle. 


2 . 4 . 1 . 1  Ambient 

In  accordance  with  the  laws  of  thermodynamics,  temperature  has  a 
significant  impact  on  the  nitrogen  gas  pressure  in  the  spring 
system.  The  gas  pressure  will  increase  or  decrease  as  temperature 
increases  or  decreases,  which  will  vary  the  force  opposing  the  road 
wheel  load.  The  result  will  be  a  variation  in  the  vehicle  height 
due  to  changes  in  temperature.  Optimizing  the  spring  system 
geometry  will  minimize  this  effect,  but  not  eliminate  it.  The 
results  of  a  temperature  sensitivity  analysis  performed  for  this 
design  shows  that  a  ±60 ’F  change  will  alter  the  vehicle  height  by 
±1  inch. 


2.4. 1.2  Operational 

Dynamic  operation  of  the  vehicle  also  impacts  the  nitrogen  gas 
spring  due  to  the  temperature  increases,  developed  in  the  damper 
section.  Experience  with  testing  performed  on  both  the  MlAl  and 
LVPTX-12  vehicles  has  shown  these  effects  to  be  minimal.  During 
testing  at  AVTB,  ISU  crankcase  and  body  temperatures  of  only  160° 
P  wore  recorded  on  an  80'  F  day  after  several  hours  of  cross 
country  operation.  Temperature  measurements  of  170*  F  were 
recorded  during  testing  at  AGCC  on  a  120*  F  day  after  several 
hours.  This  can  be  compared  to  temperatures  of  4  00*  F  to  500*  F 
measured  on  the  standard  MlAl  rotary  shocks  after  vehicle 
operation.  Due  to  the  large  size  of  the  ISU's  frictional  damper  and 
efficient  heat  transfer  into  the  vehicle  hull,  temperature  effects 
due  to  dynamic  operation  of  the  unit  have  been  minimized. 


2.4.2  Corrosion 

All  necessary  precautions  will  be  followed  to  insure  the  protection 
of  the  ISU  from  corrosion.  These  precautions  include  the 
appropriate  material  selection,  surface  treatment,  corrosion 
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protection,  priming,  and  painting  as  defined  in  standards: 


MIL-HDBK-132A  Protective  Finishes  for  Metal  and  Wood 

Surfaces 

MlL-STD-lTlD  Finishing  of  Metal  and  Wood  Surfaces 

MIL-STD-193K  Painting  Procedures  and  Marking  for 

Vehicles 

Further,  to  minimize  galvanic  corrosion,  components  of  the  ISU 
exposed  to  saltwater  were  finished  based  on  the  guidance  provided 
In  Table  I  of  MIL-STD**!?!  to  ensure  the  compatibility  of  mating 
components  made  of  dissimilar  metals. 


2.5  aailiatifi  Prgtictlon 

To  establish  the  armor  thickness  required  for  protection  from  a 
7.62-mm  armor-piercing  projectile  at  o*  obliquity,  a  computer 
program  was  used  that  was  written  by  Cadillac  Gage  based  on 
published  Information  from  John  Hopkins  University  and  other 
sources,  Including  the  Army  Materials  and  Mechanics  Research 
Center.  It  was  determined  that  a  minimum  thickness  of  0.5-inch 
4340  steel  alloy  armor  was  needed. 


2.(3  Mflint^nango 

The  ISU  is  designed  to  be  easy  to  maintain  by  virtue  of  positioning 
the  damper  charge  valve,  gas  spring  charge  valve,  and  crankcase  oil 
filler  plugs  In  locations  that  are  accessible  with  the  road  wheel 
Installed  on  the  unit. 

The  crankcase  acts  as  a  damper  oil  reservoir,  'xhe  damper  fluid 
need  not  be  changed  over  the  life  of  the  ISU,  and  will  rarely,  if 
ever,  require  additional  oil  except  in  the  case  of  unit  damage. 
The  crankcase  pressure  can  be  checked  using  a  tlx'e  pressure  gage  on 
the  damper  charge  valve  located  on  the  top  of  the  crankcase.  The 
relief  valve,  incorporated  as  a  precaution  against  over-pressure  in 
le  crankcase,  is  self-cleaning  and  should  not  require  servicing. 

The  gas  spring  is  easily  maintained  and  Is  designed  for  simple 
service  at  a  six-month  interval.  Inspection  or  adjustment  of  the 
spring  pre-charge  Is  easily  accomplished  through  the  charging  valve 
located  on  the  top  of  the  roadarm  near  the  end  cap.  Any  need  to 
adjust  the  gas  spring  may  be  determined  by  changes  in  the  vehicle 
height  and  attitude.  The  Operation  and  Maintenance  Manual  for  a 
Hydropneumatic  Suspension  System,  found  in  Appendix  A,  details  the 
maintenance  procedures. 


14 


2.6.].  Charging  Cart 

In  order  to  perform  any  maintenance  required  on  the  in-arm  units, 
a  charging  cart  consisting  of  two  nitrogen-filled  tanks,  a  pressure 
booster  and  regulator,  an  oil  tank,  various  hoses  for  oil  and 
nitrogen  discharge,  and  a  hydraulically-operated  lifting  arm  for 
vehicle  removal  and  installation  of  the  ISU's  was  built  and 
included  as  part  of  the  HSS  oystam.  This  cart  was  not  optimized 
for  Marine  Corps  use  with  the  test  vehicle;  it  was,  however,  built 
using  oommeroially-avallable  oomponents  and  thus  could  be  easily 
redesigned  per  customer  specifications,  k  photograph  of  the 
charging  cart  is  shown  in  Figure  2-5.  Operational  procedures  are 
found  in  the  Operation  and  Maintenance  Manual  in  Appendix  A. 


3*7  Unit  and  SYitim  Wtiqht 

The  actual  weight  of  an  individual,  fluid-filled  ISU,  including  the 
Bradley  Fighting  Vehicle  (BFV)  hub  and  spindle,  is  285.0  pounds. 
The  weight  of  the  6K  suspension  system,  which  includes  the  support 
rollers,  mounting  plates,  jounce  stops,  torsion  bar  hole  plugs,  and 
the  twelve  (12)  ISUs,  is  3,729.8  pounds.  A  weight-by-component  list 
can  be  found  in  the  CGT  Design  Report  for  ISU  Model  6KA1-AAV-01-03 . 


3.0  FABRICATION  AND  LABORATORY  TEST 


3,1  HflrdMflrj  Erogurtnitnt-and.AaHBinblY 


3.1.1  Inspection 

A  source  Inspection  was  performed  for  all  hardware  with  critical 
dimensions.  During  the  source  inspection,  material  and  material 
process  speolfioations  were  also  reviewed. 


3.1.2  Pre^seemblv..  Preparation 

The  hardware  was  prepared  for  assembly  per  an  assembly  procedure 
developed  by  Cadillac  Gage  Textron. 

The  first  and  most  crucial  step  in  the  pre-assembly  was  the 
debarring  and  cleaning  step.  The  debarring  process  involved  the 
removal  of  all  sharp  edges  left  after  fabrication  throughout  the 
parts,  concentrating  on  the  damper  and  spring  hydraulic  sections. 
Following  this,  the  hardware  was  mechanically  cleaned  to  remove  any 
grease  or  oil  used  during  shipment  for  rust  prevention,  and  any 
dirt  or  rust  that  may  have  accumulated  during  storage.  The 
components  were  chemically  cleaned  first  in  a  wash  tank  filled 
with  a  water-based  soap  solution,  then  with  alcohol,  and  finally 
dried  with  pressurized  air. 


15 


3.1.3  Unit  Assembly 

Final  assembly  was  performed  in  the  Clean  Room,  which  maintains  a 
controlled  atmosphere,  regulating  humidity  and  keeping  airborne 
dust  particles  to  a  minimum.  The  unit  assembly  was  pet  formed  using 
several  specially  designed  and  fabricated  tools  and  fixtures.  A 
list  and  description  of  these  is  provided  in  Appendix  B. 

In  the  assembly  process,  several  special  tests  and  procedures  were 
developed  to  validate  the  assembly  up  to  that  point  and  facilitate 
unit  acceptance  testing.  The  first  of  these  special  procedures  was 
the  filling  of  the  damper  hydraulic  cavity  to  eliminate  entrapped 
air  which  would  lessen  the  system  response.  Upon  completion  of  the 
damper  section  assembly,  the  control  system  was  then  pressure 
tasted  to  validate  the  seals  and  identify  potential  leaks  prior  to 
further  assembly.  Another  in-process  check  was  the  evaluation  of 
roadarm  rotational  torque  resistance  after  assembly  onto  the 
spindle  to  check  the  crankcase  seal  installation.  Excessively  high 
resistance  might  indicate  a  pinched  seal,  which  could  be  easily 
repaired  at  that  time.  A  procedure  was  also  developed  to  adjust 
and  properly  preload  the  main  bearings  to  obtain  a  consistent 
setting  and  performance. 


3 . 2  Laboratory  Teat 


3.2.1  Acceptance  Test  Procedure 

Each  of  the  fourteen  ISUs  was  acceptance  tested  per  the  preliminary 
Acceptance  Test  Procedure  which  appears  in  Appendix  C.  This 
testing,  done  on  a  test  stand  that  consists  of  a  hydraulic  actuator 
controlled  through  a  servovalve  and  electronic  control  box, 
consisted  of  proof  and  functional  tests.  A  photograph  of  the  test 
cell  is  shown  in  Figure  3-1.  In  addition,  each  unit  was  endurance 
tested  for  a  total  of  ten  (10)  hours,  which  included  the  four  hour 
high  pressure  seal  break-in  period. 

For  proof  testing,  the  units  were  filled  with  2,400  cubic 
centimeters  (cc)  of  oil,  and  were  pressurized  to  18,000  pounds  per 
square  inch  (psi)  for  a  total  of  five  (5)  minutes.  The  units  were 
then  drained  of  600  cc  of  oil  for  a  total  spring  oil  volume  of 
1,800  cc.  For  operational  testing,  the  units  were  charged  with 
nitrogen  to  3,100  psi,  and  the  crankcases  were  charged  to  50  psi. 

A  spring  curve  representative  of  the  6K  units  appears  in  Figure  3- 
2.  Typical  spring  and  damper  curves  plotted  during  unit  cycling 
appear  in  Appendix  D. 


17 


ICUKF.  3-2 


3.2.2  Durability  Teatlag 

In  addition  to  the  above  testing,  one  unit,  S/N  16,  underwent 
durability  testing  on  a  laboratory  test  stand  for  a  total  of  310 
hours,  or  an  equivalent  of  6,000  vehicle  miles. 


3.2.2. 1  Ml  Rotary  Shock  Qualification  Tape 

For  durability  testing,  the  Ml  Rotary  Shock  Qualification  Tape  is 
utilized.  This  magnetic  tape  was  developed  by  recording  number  one 
road  wheel  displacement  with  respect  to  the  Ml  hull  versus  time 
during  cross-country  vehicle  operation  at  the  Chrysler  (Chelsea) 
Proving  Grounds.  ■  This  motion  was  then  converted  to  proportional 
electrical  signals  and  recorded  on  a  real-time  basis  onto  the 
magnetic  tape.  The  magnetic  tape  itself  was  played  into  the 
electronic  control  box  which  drives  the  hydraulic  servo  actuator  on 
the  test  stand.  Thus,  the  actuator  drives  the  ISU  in  response  to 
electrical  signals  from  the  tape,  closely  simulating  actual  bump 
course  load/stroke  conditions.  The  4 4 -minute  tape  is  automatically 
replayed  repeatedly  for  the  duration  of  the  durability  test. 


3.2.3  Test  Results 

Each  ISU  successfully  completed  the  acceptance  testing  performed. 
During  the  course  of  the  testing,  the  anomalies  described  below 
were  identified  and  resolved. 


3.2.3. 1  .cannssUnfl.  Jar  ,gin.,She,ac 

Proof  testing  of  the  second  and  subsequent  units  resulted  in  the 
occurrence  of  sheared  connecting  bar  pins  in  the  spring  section  of 
the  units.  Because  the  failure  was  occurring  through  the  center  of 
the  pin,  where  the  highest  loading  was  taking  place,  it  was 
determined  that  this  problem  was  the  result  of  the  inadequacy  of 
the  original  material,  52100  steel  alloy,  to  withstand  the  stresses 
resulting  from  proof  loading. 

The  problem  was  resolved  by  changing  the  material  of  the  pins  to  an 
alloy  tool  steel,  AISI  S7,  over  the  steel  alloy  52100  originally 
used.  For  comparison,  the  yield  strength  and  percent  elongation  for 
the  52100  alloy  is  240,000  psi  and  3  percent  respectively,  while 
for  the  AISI  S7  tool  steel,  these  values  are  210,000  psi  and  10 
percent.  The  yield  strength  of  the  tool  steel  is  equivalent,  with 
a  much  higher  elongation.  This  combination  makes  the  S7  steel  much 
tougher,  and  with  the  change  of  materials,  no  further  problems  were 
seen  with  the  pins. 


3 . 2 . 3 . 2  Damper. Retainer  Bending 


During  the  durability  testing  of  the  S/N  16  unit,  it  was  discovered 
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that  the  bolts  In  the  damper  retainer  were  shearing  at  the  bolt 
heads.  It  was  determined  that  the  bolts  were  being  fatigued  by 
excessive  bending  of  the  cover.  The  other  units  were  cycled  on  the 
test  stand  and  the  same  problem  began  occurring. 

New  damper  retainers  were  fabricated  with  a  .25-* Inch  Increase  in 
thickness  over  the  original  design  and  were  installed  on  the  units. 
No  further  problems  were  seen. 


3 . 2 . 3 . 3  Connecting  Bar  Bearing  and  Pump  Cam  Wear 

Approximately  half-way  through  the  310-hour  durability  test,  the 
S/N  16  unit  was  disassembled  for  inspection  of  critical  components. 
Wear  areas  were  found  on  the  inner  surface  of  the  fabric-lined 
connecting  bar  bearings,  which  led  to  the  conclusion  that  the 
bearings  were  unable  to  withstand  the  loads  being  imposed  on  them. 
Also  found  were  wear  indications  on  the  pump  cams  in  the  form  of 
brlnnelling  and  cracking  of  the  cam  faces.  It  was  determined  that 
the  cam  material,  especially  the  surface,  was  of  an  insufficient 
strength  and  hardness  to  endure  the  loads  from  the  pump. 

Comparlscn  endurance  tests  were  performed  on  two  alternative 
fabric-lined  bearings.  The  bearings  were  cycled  for  more  than  lio 
hours  (200,000+  cycles)  each  in  a  test  fixture  designed  to 
replicate  the  loading  seen  during  ISU  operation.  Inner  diameter 
measurements  were  recorded  before  the  test,  and  then  at  50,000- 
cycle  intervals.  A  new  bearing  was  chosen  based  which  showed  the 
least  amount  of  wear  within  the  specified  limit. 

New  pump  cams  were  fabricated  using  AISI  A2  tool  steel  hardened  to 
58/63  Rockwell  (Rc) .  This  material  has  a  yield  strength  of  210,000 
psi  at  this  hardness.  ‘In  comparison,  the  original  material,  SAE 
4140  steel  alloy  hardened  to  30/34  Rc,  has  a  yield  strength  of 
130,000  psi. 

All  of  the  ISU's  were  disassembled  and  were  reassembled  using  the 
new  cams  and  connecting  bar  bearings.  The  system  was  then 
reinstalled  on  the  test  vehicle. 

Unit  S/N  16  was  again  disassembled  at  the  completion  of  the  310 
hours,  and  the  components  were  visually  inspected.  No  other 
problems  were  noted. 


4.0  VUKICLE  INSTALLATION  AND  FIELD  TESTING 


4.1  Vehicle  Upweighting 

The  weight  and  center  of  gravity  (CG)  of  the  vehicle  with  the 
original  torsion  bar  suspension  were  calculated  in  the  following 
manner:  the  vehicle  was  driven  over  two  I-beams  for  stabilization, 
then  each  end  of  the  I-beams  were  lifted  with  a  hydraulic  jack  and 
one  of  four  20,000-lb.  lead  cells  were  placed  under  each  end  of  the 
beams.  A  weight  measurement  was  taken  at  each  load  cell;  these 
measurements  were,  in  pounds,  10,584,  10398,  9,162,  and  10,636. 
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The  suRunatlon  of  these  weights,  minus  the  weight  of  the  beams  at 
1,275  pounds  each,  is  38,230  pounds,  which  is  the  total  unloaded 
vehicle  weight.  An  illustration  of  the  beam/load  cell  set-up  is 
shown  in  Figure  4-1. 

Longitudinal  measurements  from  the  final  drive  to  the  load  cells 
were  used  to  calculate  the  CG  of  the  vehicle,  which  was  found  to  be 

188.4  inches.  The  method  used  to  determine  the  CG  is  shown  in 
Appendix  E. 

Upweighting  of  the  vehicle  was  done  to  bring  the  vehicle  closer 
to  the  actual  operating  weight  for  installation  and  tuning  of  the 
hydropneumatic  suspension  system.  This  was  accomplished  by  adding 
five  (5)  steel  ballast  plates  to  the  interior  of  the  vehicle, 
placed  up  against  the  vehicle  bulkhead  (as  far  forward  as 
possible).  The  weight  of  the  plates  equalled  10,090  pounds,  for  a 
final  vehicle  weight  of  48,320  pounds.  The  new  CG  was  measured  at 

196.5  inches  from  the  final  drive. 

The  statement  of  work  for  the  addition  of  the  steel  ballast  plates 
within  the  vehicle  can  be  found  in  Appendix  F. 


4.2  Inetallation 

The  torsion  bar  suspension  was  removed  from  the  test  vehicle  and 
weighed  for  reference.  The  original  suspension  mounting  holes  were 
plugged  and  welded  in  place.  Aluminum  I-beams  were  welded 
in  place  in  the  water  jet  tunnels  to  act  as  jounce  stops  for  the 
aft  suspension  units.  The  vehicle  was  then  shipped  to  a  machine 
shop  for  machining  of  the  mounting  surfaces  and  bolt  patterns  in 
preparation  for  installation  of  the  ISUs.  Skid  plates  were  added 
above  the  station  3  ISU  on ,  each  side  of  the  vehicle  to  prevent 
interference  between  the  track  and  the  units  during  high  track  sag. 
The  units  were  installed  on  the  vehicle  with  the  aid  of  a  charging 
cart  specially  built  for  use  during  the  planned  vehicle  testing, 
and  were  charged  to  the  pressures  of  Table  I  below.  A  modified  hub 
cap  arrangement  for  the  track  support  rollers  was  designed  and 
installed  to  avoid  interference  between  the  hub  caps  and  track 
guides. 


Spring,  psi 
Crankcase,  psi 


Table  XI. 
Unit  Pressures 


Station  1  &  2  Station  3-6 


3,100 

50 


1,500 

50 
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BEAM/LOADCELL  SET-UP 


Fioiat  4-: 


To  evaluate  the  ride  performance  of  the  vehicle  with  the  standard 
torsion  bar  suspension  system  and  with  the  hydropneumatlc  system, 
the  vehicle  was  Instrumented  prior  to  testing.  A  rate-integrating 
gyroscope  was  placed  In  the  vehicle  to  measure  vehicle  pitch,  an 
accelerometer  was  placed  on  the  driver's  seat  to  determine  the 
amount  of  vertical  acceleration  seen  by  the  driver,  and  another 
accelerometer  was  placed  on  the  ballast  plates  to  measure  hull 
motion  at  the  CG.  For  testing  of  the  vehicle  with  the 
hydropneumatlc  suspension  system,  sensors  were  also  added  to 
station  2  and  3  ISUs  to  measure  damper  pressure,  roadarm  position, 
and  crankcase  oil  temperature. 


4. 3. 1.1  Ride  Meter 

CGT  constructed  two  ride  meters  Intended  to  aid  In  evaluating 
vehicle  ride  quality.  The  design  philosophy  was  originally 
developed  by  the  U.S.  Army  Tank- Automotive  Command  (TACOM)  several 
years  ago;  the  CGT  ride  meters  used  up-to-date  circuitry  and 
currently  available  components.  The  meters  were  to  be  considered 
part  of  the  vehicle  Instrumentation. 

The  function  of  the  instrument  is  to  accept  an  Input  signal  from  an 
accelerometer  mounted  In  the  test  vehicle,  usually  at  the  driver's 
seat.  The  signal  Is  first  amplified,  then  processed  by  frequency- 
dependent  shaping  filters  to  provide  Information  that  Is  weighted 
according  to  human  body  sensitivity.  This  Information  is  put 
through  a  computation  circuit  network  and  the  resulting  output  fed 
to  a  digital  volt  meter  along  with  the  output  of  a  timing  circuit. 
A  selector  switch  at  the  meter  allows  the  direct  measurement  of 
peak  acceleration,  time  duration  of  the  run,  and  a  value  which  is 
the  product  of  absorbed  power  and  elapsed  time  during  the  run.  A 
manual  calculation  utilizing  the  latter  two  values  provides  the 
average  absorbed  power  experienced  for  the  test  run.  An  operational 
specification  for  the  meter  appears  in  Appendix  G. 


4.3.2  Vehicle  Tunin.q_aDd  Preliminary  Test 

In  order  to  tune  the  newly-installed  hydropneumatlc  suspension 
system,  test  the  instrumentation  for  proper  response,  and  gather 
preliminary  performance  data  on  the  system,  the  vehicle  was  driven 
through  bump  course  runs  of  eight  (8),  ten  (10),  and  twelve  (12) 
inch  bumps  at  speeds  of  2.5,  5,  7.5,  10,  12.5,  and  15  miles  per 
hour  (mph) ,  and  through  a  flat  course  at  18  and  22  mph  at  CGT's 
Warren  facility.  A  videotape  of  the  runs  was  made  and  sent  to  DTRC. 
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In  the  course  of  the  preliminary  vehicle  performance  testing, 
several  problems  were  identified  and  resolved.  These  are  as 
follows: 


1.  Rebo.und..  stqp  Blogkg 

Problem;  Roadarm  and  spindle  mounted  blocks  being 
sheared  off  during  vehicle  operation. 

Solution;  Pin  blocks  to  mating  structures.  See  Figure 
4-2. 

2.  Crankcase  Relief  Valves 

Problem;  Relief  valve  being  damaged  during  vehicle 
operation. 

Solution;  Design  and  Install  new  relief  valve  adapter  to 
protect  valve.  See  Figure  4-3. 

3.  High  Pressure  Seals 


Problem;  Pre-formed  seals  allowing  leakage  of  nitrogen 
from  the  spring  cavity  to  the  crankcase. 

To  Increase  manufacturing  efficiency,  the 
seals  were  pre-formed  using  a  die  rather  than 
machined  from  polyimide  bar  stock,  which  was 
the  previous  procedure.  It  was  discovered  that 
this  pre-foirroing  method  decreased  the  density 
of  the  seal. 

Solution;  Replace  lower  density  pre-formed  seals  with 
higher  density  machined  seals. 

After  rebuild  of  the  units  to  incorporate  the  above  modifications, 
they  were  installed  back  onto  the  vehicle  and  testing  was  continued 
at  CGT  and  then  at  a  test  facility  in  Oxford,  Michigan.  Problems 
with  the  vehicle  power  plant  halted  further  testing  at  this 
facility. 


4. 3.2.2  Preliminary  Vehicle  Ride  Data 

Data  was  collected  for  driver's  seat  acceleration  and  vehicle  pitch 
versus  time  on  course  runs  made  with  torsion  bar  suspension  and 
with  the  hydropneumatic  suspension.  Other  parameters  such  as 
acceleration  at  the  vehicle  CG  and  suspension  position  were  not 
accurately  recorded  during  the  course  of  the  test  runs  due  to 
equipment  trouble. 
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Figures  4-4  and  4-5  show  pitch  and  acceleration  data  plotted  for 
runs  made  with  t-bar  and  hydropneumatlc  suspensions.  Both  runs 
were  made  at  fifteen  (15)  miles  per  hour  (mph)  over  a  discrete 
obstacle  course  of  bumps  at  eight,  ten,  and  twelve  Inches, 
respectively.  In  comparing  the  two  sets  of  data,  it  can  be  seen 
that  the  degree  of  vehicle  pitch  Is  less  with  the  HSS  than  with  the 
t-bar  system,  especially  negative  pitch  (vehicle  going  nose-down 
upon  landing  after  a  bump) .  There  Is  a  significant  amount 
of  difference  between  the  data  curves  when  comparing  the  data  for 
the  twelve-inch  bump,  with  the  vehicle  reaching  a  positive  pitch 
of  ten  (10)  degrees  and  a  negative  pitch  of  eight  (8)  degrees  with 
the  t-bar  system.  In  comparison  with  5  degrees  both  positive  and 
negative  with  the  ISU  system.  This  difference  Is  due  to  the 
fact  that  the  ISU  will  attempt  to  swallow  bumps  shorter  than  Its 
wheel  travel  (the  eight  and  tan  Inch  bumps) ,  and  will  try  to  lift 
the  vehicle  over  bumps  of  equal  or  greater  height  than  Its  wheel 
travel  (the  twelve  Inch  bump) . 

Also  plotted  was  the  acceleration.  In  g's,  seen  at  the  driver's 
seat.  The  vehicle  experienced  peak  g's  of  two  (2)  at  the  second 
bump  and  more  than  four  (4)  at  the  third  bump  of  the  course  with 
the  t-bar  system,  while  the  peak  g's  recorded  for  the  ISU  system 
over  these  bumps  were  1.5. 

Figure  4-6  is  a  summary  plot  of  the  peak  g's  for  both  the  t-bar  and 
the  ISU  systems  at  vehicle  speeds  of  5  to  20  mph.  It  can  be  seen 
that  the  ISU  system  provides  a  marked  Improvement  over  the  t-bar 
system.  Figure  4-7  Is  a  plot  of  average  absorbed  power  versus  speed 
for  the  t-bar  and  ISU  systems.  This  comparison  also  shows  a 
significant  Improvement  In  vehicle  ride  with  the  hydropneumatlc 
suspension  system.  This  Improvement  Is  particularly  enhanced  at 
higher  vehicle  speeds. 


4.3.3  Vehicle  Field  Testing 


4. 3. 3.1  Advanced.  Demonstration  Test  Plun 

The  Test  Plan  for  a  Hydropneumatlc  Suspension  System  Mounted  on  an 
Assault  Amphibian  Vehicle,  prepared  by  the  David  Taylor  Research 
Center  (DTKC) ,  outlines  the  plan  that  the  test  vehicle  was  to 
undergo.  This  plan,  which  can  be  found  In  Appendix  H,  calls  for  an 
accumulation  of  6,000  miles  of  operation  through  a  normal  vehicle 
profile  (20%  water  operation,  80%  land  operation) ,  which  Is 
equivalent  to  one  life  cycle.  The  test  plan  also  attempted  to 
establish  the  performance  capabilities  of  the  hydropneumatlc 
system.  According  to  the  plan,  the  following  types  of  tests  were 
conducted  at  the  Amphibian  Vehicle  Test  Branch  (AVTB) ,  Camp 
Pendleton,  California.  Hot  weather  testing  was  conducted  at  Twenty- 
Nine  Palms,  California. 

-  Ride  Quality 

-  Cross  Country  Test  Course 
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-  Amphibious  Compatibility 

-  Vohicle  Handling  Comparison 

-  Baseline  Vehicle  Requirements 

-  Design  Requirements 

-  RAM-D  Tests 

-  Towing  Test 


4. 3. 3. 2 


The  hydropneumatic  suspension  system  (HSS)  test  vehicle 
successfully  completed  the  following  Phase  la  performance  tests  at 
vehicle  weights  of  53,500  lbs.  and  59,100  lbs.: 

-  Amphibious  Compatibility 

-  Vehicle  Handling  Comparison  Tests 

-  Baseline  Vehicle  Requirements 

-  Slope  Negotiation 

-  Pivot  Steering 

-  Towing  Tests 

In  addition,  75  miles  of  RAM-0  testing  was  accumulated.  Only  150 
miles  of  cross-country  hot  weather  testing  (Phase  lb)  were 
completed  because  of  the  low  incidence  of  100 *F  temperatures.  An 
AVTB  summary  sheet  of  testing  completed  appears  in  Figure  4-8. 

The  basic  scope  of  work  and  field  support  were  completed  as  of  1 
November  1990. 

A  Test  Report  has  been  submitted  by  AVTB  to  the  Program  Office 
(Direct  Reporting  Program  Manager  -  Advanced  Amphibious  Assault)  in 
January  1991.  Findings  from  that  report  are  not  reflected  in  this 
document,  due  to  unavailability  of  the  report. 
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Initial  vehicle  field  testing  revealed  the  following  problems  ;  1. 
ISU  damper  "hang-up'*,  2.  Vehicle  height  and  attitude  affected  by 
shifts  in  vehicle  weight  and  CCt  location,  3.  Unit  torque  cover 
bolts  loosening  during  operation,  4.  Crankcase  dust  seal  failures, 
5.  Spindle-to-hull  torque  pins  backing  out  of  the  spindle  flange, 
and  6.  Corrosion  of  charging  ports  and  drain  plugs.  These  are 
discussed  in  the  sections  below. 


4. 3. 3. 2. 1.1 


During  operations  such  as  trench  crossings,  it  was  noticed  that  the 
ISU  dampers  were  "hanging  up"  after  going  into  the  jounce  position. 
Further  Investigation  revealed  that  the  internal  hydraulic  system 
of  the  ISU  associated  with  the  friction  damper  was  not  bleeding  off 
rapidly  enough  after  actuation  to  allov;  the  roadwheels  to  drop 
quickly  and  maintain  contact  with  the  track.  This  occurrence 
restricted  vehicle  trench  crossing.  To  facilitate  damper  bleed-off, 
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relief  valve  clearances  In  the  ISU's  were  Increased  from  .0001  to 
.0028  inch.  No  further  occurrences  were  noted,  and  the  vehicle  was 
able  perform  trench  crossings  without  difficulty. 


4. 3. 3. 2. 1.2  Vehicle  Height  and  Attitude 

Because  the  AAV7A1  vehicle  is  a  cargo  and  troop  carrying  vehicle, 
large  changes  in  vehicle  weight  and  CG  location  are  seen.  During 
testing,  this  resulted  in  varying  track  tension  and  ground 
clearances,  and  impaired  ride  quality.  See  Appendix  H  for  actual 
vehicle  weights  and  corresponding  CG's  and  ground  clearances.  To 
compensate  for  the  weight  changes,  the  rear  station  (3’'6)  ISU 
springs  were  stiffened  by  the  addition  of  300  cubic  centimeters  of 
oil.  Charging  pressures  were  not  changed. 

The  stiffer  rear  springs  improved  the  vehicle  weight  shift/ground 
clearance  situation,  but  did  not  eliminate  the  problem.  It  was 
decided  that  two  weights  only  would  be  used  to  complete  the 
testing:  53,500  and  59,100  pounds.  The  Vehicle  Test  Plan  was 

revised  by  DTRC  to  reflect  this  change.  New  load  calculations 
were  performed  for  the  suspension  system  based  on  an  average  of 
these  two  weights.  The  spring  charging  values  computed  and 
subsequently  used  for  the  remainder  of  the  testing  were:  3,245  psi 
for  Stations  1  and  2,  and  1,975  psi  for  Stations  3  through  6. 


4. 3. 3. 2. 1.3  Torque  Cover  Bolts 

Loose  torque  cover  bolts  were  an  on-going  occurrence  during  the 
course  of  the  field  testing.  This  was  caused  by  the  amount  of 
flexing  that  the  ISU's  were  undergoing.  In  an  attempt  to  alleviate 
the  problem,  the  bolts  were  fitted  with  lock  tabs,  but  these  did 
not  have  a  significant  effect.  The  proposed  solution,  to  be 
incorporated  into  the  subsequent  FSD  ISU  design,  is  to  provide 
larger  bolts,  a  thicker  torque  cover,  and  more  material  in  the  area 
to  give  a  stiffer  roadarm. 


4. 3. 3. 2. 1.4  Crankcase  Dust  Seal  Failures 

Another  recurring  problem  with  the  HSS  during  the  testing  was  the 
leakage  of  oil  and  the  subsequent  loss  of  spring  and  crankcase 
pressures.  Early  on,  it  was  found  during  unit  disassembly  and 
repair  that  dirt  and  sand  were  getting  past  the  crankcase  dust 
seals  and  into  the  ISUs.  The  saltwater/sand  environment  that  the 
vehicle  was  being  exposed  to  was  the  initial  cause  of  the  seal 
failures.  The  salt  corroded  the  steel  sealing  surface,  introducing 
rust  and  pits,  and  thus  creating  a  leak  path  for  contamination  to 
enter  the  crankcase  of  the  ISTJ.  Also,  the  oscillatory  movement  of 
the  seal  over  the  corroded  surface  accelerated  the  seal  wear,  which 
served  to  aid  in  allowing  further  contamination  in.  Eventually,  the 
high  pressure  seals  in  the  spring  were  contaminated,  resulting  in 
the  spring's  inability  to  hold  a  charge.  Because  a  more  successful 
seal  configuration  had  not  been  found  at  the  time,  the  repair  of 
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the  units  consisted  of  cleaning  and  resurfacing  the  crankcase  seal 
area,  and  installing  new  seals  of  the  sane  configuration.  A  Failure 
Analysis  Report  describing  an  incident  of  this  type  typical  of 
those  found  during  field  testing  can  be  found  in  Appendix  I. 

4. 3. 3. 2. 1.5  Spindle-to-Hull  Torcrue  Pins 

Near  the  completion  of  the  testing  program,  it  was  noted  that  the 
spindle-to-hull  torque  pin  had  begun  to  back  out  of  the  spindle 
flange  in  at  least  four  (4)  of  the  units.  As  with  the  loosening  of 
the  torque  cover  bolts,  this  was  attributed  to  unit  flexing  during 
operation.  A  proposed  solution  is  to  utilize  stepped  pins. 


4. 3. 3. 2. 1.6  Charging  Port  and  Drain  Plug  Corrosion 

It  was  also  noted  near  the  completion  of  testing  that  the  charging 
valve  protection  plugs  and  drain  plugs  in  the  units  had  rusted  and 
corroded,  making  it  difficult  to  access  these  ports.  The  proposed 
solution  to  this  problem  is  to  use  stainless  steel  valves,  valve 
covers  and  plugs,  and  to  Incorporate  o-ring  seals  into  the  covers 
and  plugs  that  don't  already  use  them. 


4. 3. 3. 2. 1.7  athflr.„.ArgflB  .of  Conctm 

During  the  course  of  the  testing,  DTRC  and  AVTB  personnel 
identified  several  areas  relating  to  the  suspension  system  that 
warranted  additional  investigation.  These  were  noted  and  are  listed 
below: 


-  Short-tracking  ability 

-  Removable  wheel  spindle 

-  Installation  by  a  vehicle  crew  of  3 

-  Fieldable  charging  cart 

-  "Dog-bone"  type  road  arm  lifter 

CGT  has  analyzed  the  feasibility  of  these  items  and  has  concluded 
that  their  accommodation  does  not  present  any  major  technical 
problems.  These  would  be  examined  in  further  detail  during  the 
subsequent  FSD  design  phase. 


4. 3. 3. 2. 2  Proposed  Improvements 

Cadillac  Gage  has  proposed  several  practical  solutions  to  the 
problems  encountered  during  the  field  tasting  for  implementation 
into  the  current  hardware.  In  addition,  CGT  has  expended 
considerable  effort  in  developing  a  modified  6K  ISU  design 
incorporating  vehicle  height/ attitude  maintenance  and  the  choice  of 
two  proposed  crankcase  dust  seal  designs.  This  modified  unit 
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design  is  suggested  for  implementation  into  follow-on  programs. 
The  modifications  for  both  current  and  future  hardware  are 
described  in  the  following  sections. 


4. 3. 3. 2. 2.1  Vehicle  Weight  Change 

Four  different  solutions  to  the  weight  shift/ground  clearance 
problem  have  been  proposed.  Two  of  these  can  be  Implemented  into 
existing  hardware  but  do  not  completely  correct  the  ground 
clearance  situation.  The  third  and  fourth  changes  most  completely 
address  the  problem,  giving  HSS  configurations  that  comfortably 
meets  the  ground  clearance  requirements  under  a  wide  range  of 
vehicle  weights  and  CG's.  The  third  proposed  modification  involves 
changing  the  Internal  geometry  of  the  ISU.  The  fourth  solution  is 
the  addition  of  a  height  maintenance  system  into  the  HSS . 
Therefore,  these  latter  two  proposals  are  designed  for 
implementation  into  future  systems. 

For  a  good  vehicle  ride,  the  spring  rate  of  the  ISU  should  be  low, 
or  around  one  (L)  cycle  per  second,  at  the  static  ride  position. 
In  tuning  the  system  whan  originally  installed  on  the  vehicle,  the 
tendency  was  toward  ride  performance,  and  therefore  the  rear 
springs  were  set  up  soft.  This  setup,  however,  was  ineffective  for 
maintaining  the  desired  ground  clearances  when  the  GVW  was  varied; 
to  accommodate  this  situation,  the  spring  rate  should  be  very  high. 

The  first  solution  Increases  the  spring  rate  in  the  rear  springs 
by  adding  oil  to  the  ISUs,  thus  enabling  these  ISUs  to  operate  at 
a  higher  spring  rate  and  peak  pressure.  Also,  the  amount  of  jounce 
travel  is  reduced  and  the  range  of  operation  is  shifted  toward 
rebound  as  much  as  possible  to  Increase  the  load  slope.  This 
solution,  the  easiest  to  implement,  gives  the  differential  ground 
clearance  range  desired  but  not  at  the  correct  position,  and 
compromises  vehicle  ride.  This  modification  was  the  course  of 
action  taken  to  complete  the  vehicle  field  testing  at  AVTB. 

The  second  solution  modifies  the  ISUs  at  stations  4  and  5  only, 
with  the  implementation  of  a  grease-operated  piston.  This 
adaptation,  which  operates  in  a  method  similar  to  that  used  in  a 
track  tensioning  system,  provides  ISUs  so  equipped  with  the  ability 
to  change  their  spring  rates  by  changing  the  position  of  the 
piston.  Figure  4-9  shows  a  cross-section  of  the  ISU  spring  with  a 
grease-operated  piston.  Figure  4-10  shows  a  comparison  between 
achievable  adiabatic  spring  rates. 

The  third  solution  involves  lengthening  the  roadarm  and  modifying 
the  ISU's  internal  geometry;  the  difference  in  roadarm  length  can 
be  seen  in  the  sketch  shown  in  Figure  4-11.  The  system  is  mounted 
lower  on  the  vehicle  hull  and  road  wheel  spacing  is  rearranged, 
which  is  shown  in  Figure  4-12.  These  changes  allow  for  an  improved 
spring  rats  to  accommodate  vehicle  weight  shifts  while  maintaining 
desired  jounce  and  rebound  travel,  additional  space  on  the  hull  for 
an  increased  number  and  size  of  return  rollers. 
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and  lower  trailing  arm  angles  for  improved  vehicle  handling  and 
mobility.  Figure  4-13  shows  a  comparison  between  the  current  and 
the  improved  adiabatic  spring  curves.  Also,  the  improved  load 
curve  would  make  breaking  track  easier  for  repairs  and  maintenance. 
These  changes  can  easily  be  Implemented  into  follow-on  production 
systems . 

The  fourth  proposed  solution  is  the  addition  of  a  height 
maintenance  control  system  into  the  spring  of  the  HSS.  This  system 
changes  the  volume  of  oil  in  the  roadarm  to  compress  the  gas  volume 
as  required  to  maintain  the  static  height/attitude  of  the  vehicle 
relative  to  the  terrain.  This  la  accomplished  with  the  use  of  a 
cam-operated  control  valve,  a  mechanical  drive  from  the  roadarm  to 
the  cam,  and  a  connection  to  the  roadarm  from  a  fluid  separator. 
Vehicle  hydraulic  power  is  used  to  supply  the  height  maintenance 
system.  This  system  enables  the  crew  to  set  the  suspension  system 
to  a  predetermined  ground  clearance,  to  reset  the  vehicle  to  the 
initial  ground  clearance  for  changed  gross  vehicle  weight,  location 
of  CG,  and  ambient  temperature,  to  replace  damaged  suspension 
units,  and  to  permit  a  nose  down  attitude  when  in  hull  defilade. 
Like  the  grease-operated  piston  proposal,  the  incorporation  of  the 
height  maintenance  system  into  the  HSS  configuration  could  also  be 
accomplished  during  the  course  of  a  follow-on  contract. 


4. 3. 3. 2. 2. 2  Crankcase  Seals 

Cadillac  Gage  has  continued  its  test  and  development  of  crankcase 
dust  seals,  A  custom  design  currently  being  tested  has  to  date 
completed  the  equivalent  of  over  4,000  miles  of  operation,  with  no 
sign  of  leakage.  In  addition,  the  wear  resistance  of  the  mating 
roadarm  surface  has  been  increased  through  the  use  of  an  alternate 
material,  heat  treatment,  and  surface  coating.  This  surface  has 
also  been  made  removable  to  allow  for  replacement  if  required.  To 
further  increase  overall  dust  seal  life,  a  pre-scraper  has  been 
incorporated  into  the  configuration  to  prevent  direct  contact 
between  dirt  and  water  and  the  dust  seal.  CGT  is  confident  that 
this  design,  which  can  be  retrofitted  into  existing  6K  hardward, 
will  successfully  fulfill  the  6,000-mile  minimum  ceal  system 
requirement. 

An  off-the-shelf  seal  consisting  of  two  high  alloy,  corrosion 
resistant  steel  rings,  and  two  opposed  Belleville  washers  made  of 
nitrile  elastomer  has  been  incorporated  into  the  modified  6K 
design.  The  two  stoel  rings  are  precision-lapped  and  mated;  the 
mating  ring  rotates  against  the  stationary  ring  to  create  a  leak- 
proof  seal.  The  surfaces  are  pressed  together  by  the  Belleville 
washers,  which  provide  uniform  face  loading  and  sealing  at  the 
inner  and  outer  diameters.  This  configuration  is  similar  to  seals 
currently  used  in  the  roadwheel  hubs  and  roadarms  on  the  P-7 
vehicle.  Because  of  the  increased  space  claim  required  for  this 
seal,  it  has  been  planned  for  use  in  future  hardware. 
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4. 3. 3. 2. 2. 3  Torque  Cover  Bolts 

The  loosening  of  the  bolts  in  the  torque  cover  occurred  because  of 
excessive  bending  and  flexing  of  the  roadarm  relative  to  the  cover. 
The  solution  to  this  problem  involves  an  increase  of  material  in 
this  area  to  stiffen  the  roadarm,  with  the  addition  of  a  thicker 
torque  cover  and  larger  bolts. 


4. 3. 3. 2. 2. 4  Splndle-tO"Hull  Pins 

The  backing  out  of  the  torque  pins  occurred  because  of  flexing  of 
the  spindle  relative  to  the  vehicle  hull.  The  utilization  of 
either  stepped  pins  or  a  blind  torque  pin  hole  would  alleviate  this 
problem. 


5.0  CONCLUSION  AND  RECOMMENDATIONS 


5.1  concluaign 

The  6K  hydropneumatic  suspension  system  successfully  fulfilled  the 
objective  of  providing  a  system  which  improved  ride  characteristics 
and  Increased  interior  volume  for  the  AAV-7A1  vehicle.  Subsequent 
vehicle  field  testing  in  a  sea  water/sand  environment  provided  test 
conditions  not  available  in  a  laboratory  situation,  and  revealed 
areas  in  the  system  where  improvements  and  modifications  were 
necessary.  The  implementation  of  these  modifications,  which  have 
been  outlined  and  discussed  in  the  above  sections,  coupled  with  the 
appropriate  field  testing,  would  ultimately  provide  the  Marine 
Corps  with  a  reliable,  durable,  and  easily-maintainable 
hydropneumatic  suspension  system. 


5.2  Recommendations 

It  is  CGT's  recommendation  that  the  Marine  Corps  continue  its 
evaluation  of  the  hydropneumatic  suspension  system.  This  would 
include  providing  support  for  the  Incorporation  of  the  suggested 
modifications  into  the  existing  prototype  system  to  eliminate 
anomalies  discovered  during  field  testing,  and  than  continuing  with 
testing  at  AVTB  to  accumulate  the  remainder  of  the  RAM-D  mileage 
originally  cited  in  the  Vehicle  Test  Plan.  The  release  of  the  6K 
Full  Scale  Development  (FSD)  Request  for  Proposal  (RFP)  would  be 
contingent  upon  the  successful  completion  of  the  testing.  The 
modifications  incorporated  into  the  FSD  design  address  the  issues 
noted  below: 


“  Track  replacement  and  short-tracking  would  be  much 
easier  to  accomplish  due  to  the  improved  unit  geometry 
and  spring  rate. 

-  The  use  of  improved  crankcase  seals  would  eliminate 
external  leakage  and  internal  contamination,  thus 
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alleviating  spring-to-crankcase  nitrogen  leaking. 

-  Vehicle  weight  shifts  would  be  accomodated  with  the 
improved  unit  geometry  and  spring  rate. 

-  A  fieldable  charging  cart  and  "dog-bone"  type  road  arm 
lifter  would  allow  for  easy  maintenance. 

-  Increased  size  and  number  of  support  rollers  would 
reduce  wear  on  these  components,  thus  allowing  for 
increased  track  support. 


This  effort  would  result  In  an  external  suspension  system  that 
would  greatly  enhance  the  performance  characteristics  of  the  AAV- 
7A1  vehicle,  as  well  as  benefit  the  entire  Advanced  Assault 
Amphibious  Vehicle  (AAAV)  program. 
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1.1  INTRODUCTION 

Und«r  th«  t«nns  of  David  Taylor  Rasaarch  Canter  (DTRC)  Contract  N00167- 
88-C>0024t  Cadillac  Gaga  Textron  (C6T)  has  supplied  to  the  United  States 
Marina  Corps  at  Camp  Pandalton,  California  a  Hydropneumatic  Suspension 
System  (HSS)  Installed  on  a  Government  furnished  P-7  Amphibious  Assault 
Vehicle  (Figure  1-1).  The  modified  vehicle  Is  scheduled  for  performance 
and  endurance  tasting  by  the  Marine  Corps  In  the  near  future.  This 
testing  will  be  supported  under  contract  by  technical  personnel  of  CGT. 

This  manual  Is  Intended  to  provide  sufficient  Information  to  allow 
Marine  Corp  personnel  to  operate  and  maintain  the  suspension  system 
during  the  lengthy  test  program  scheduled.  A  suggested  maintenance 
philosophy  and  schedule  for  checking  of  gas  pressures  and  oil  levels  In 
the  suspension  units  and  the  removal  and  replacement  of  roadwheelSi 
hubs,  track  rollers  and  suspension  units  will  be  covered  In  detail. 
Information  concerning  auxiliary  maintenance  support  equipment  supplied 
with  the  vehicle  1s  also  provided. 


Repair  and  overhaul  of  the  Individual  suspension  units  (Figure  1-2}  will 
not  be  covered  as  CGT  Is  committed  to  perform  with  Its  own  personnel  and 
facility  any  work  of  this  type  that  might  be  necessary  during  the  course 
of  the  test  program. 

2.1  THE  HYOROPNEUMATIC  SUSPENSION  SYSTEM 

In  the  typical  tracked  vehicle  the  weight  of  the  hull  Is  supported  by  a 
group  of  road  wheels  (typically  from  S  to  7  per  vehicle  side)  which 
directly  engage  the  track  and  which  are  attached  to  the  hull  through  a 
mechanical  spring  system.  The  spring  system  allows  vertical  motion  of 
the  hull  relative  to  the  g. jund  while  supporting  Its  weight  at  an 
average  nominal  height  above  the  ground.  More  often  than  not,  the 
spring  will  be  of  rotary  torsion  bar  configuration  with  the  bar  being 
arranged  transversely  across  the  vehicle  hull  and  anchored  near  the  side 
of  the  hull  opposite  the  desired  spring  motion.  For  at  least  some,  lf 


FIGURE  1-1 


s 
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not  an,  of  the  sprung  wheel  stations  there  will  typically  be  provided 
some  form  of  damping  to  force  motion  of  the  selected  system  to  damp  out 
quickly  after  terrain  Inputs.  This  damping  may  be  in  either  viscous  or 
frictional  form. 


The  HSS  is  no  different  philosophically  than  the  mechanical  system  Just 
described.  The  primary  physical  difference  comes  about  In  the  method  of 
achieving  the  spring  characteristic  which  supports  the  hull  with  respect 
to  the  roadwheel  set.  It  also  differs  from  traditional  suspension 
hardware  in  that  the  desired  damping  is  integrally  incorporated  into  the 
suspension  unit  as  opposed  to  existing  in  the  form  of  a  separate  "shock 
absorber". 


Figure  2-1  will  be  of  assistance  in  understanding  the  operation  of  the 
specific  suspension  system  under  discussion  here.  The  figure  is  a  side 
elevation  cross  section  of  one  of  the  individual  suspension  units  used 
on  the  P-7  vehicle.  All  twelve  (12)  units  installed  are  functionally 
Identical,  differing  only  in  their  assigned  pre-charge  pressures  as  a 
function  of  their  location  on  the  vehicle. 


The  suspension  unit  is  rigidly  attached  to  the  hull  by  mounting  bolts 
Inserted  through  the  mounting  flange  of  the  spindle  (1).  A  pair  of 
large  roller  bearings  (2)  rotatably  support  the  roadarm  (3)  with  respect 
to  the  spindle  and  the  roadarm  is  thus  free  to  rotate  in  the  plane  of 
the  drawing  as  shown.  The  roadwheel  (4)  (shown  here  only  In  phantom)  Is 
rotatably  attached  to  the  roadarm  In  turn  by  means  of  a  wheel  spindle 
not  seen  in  this  section,  but  located  at  (5).  As  a  result,  any  external 
load  applied  to  the  roadwheel  will  be  transmitted  directly  to  the  road 
arm  through  the  wheel  spindle.  A  sealing  piston  (6)  floated  In  a 
cylindrical  bore  of  the  roadarm  Is  attached  by  means  of  a  connecting  bar 
(7)  to  a  pivot  point  (8)  The  pivot  point  Is  integral  with  the  spindle 
(1)  and  thus  Is  stationary  with  respect  to  the  vehicle  hull  at  all 
times.  This  being  the  case,  forced  rotation  of  roadarm  (3)  about 
bearing  set  (2)  causes  relative  motion  of  the  piston  In  Its  bore  and  an 
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atttndant  change  In  the  volume  of  chamber  (9).  Rotation  of  the  roadarm 
In  the  counter  clockwise  direction  causes  volume  (9)  to  be  reduced. 
Simllarlyt  rotation  In  the  clockwise  direction  causes  this  volume  to  be 
expanded.  Volume  (9)  Is  In  turn  connected  by  a  passage  (10)  to  volume 
(11).  In  operation,  volume  (9)  Is  entirely  filled  with  liquid.  Volume 
(11)  Is  partially  filled  with  liquid  at  Its  lower  right  end  while  the 
remaining  upper  portion  of  the  volume  Is  filled  with  nitrogen  gas. 


The  oil  contained  within  the  chamber  area  Is  relatively  Incompressible, 
but  the  nitrogen  gas  Is  not.  Rotation  of  the  roadarm  therefore  causes  a 
large  percentage  change  In  the  volume  of  the  nitrogen  gas  while  leaving 
the  fluid  volume  relatively  unaffected.  The  result  Is  a  dramatically 
changing  pressure  as  a  function  of  arm  rotation  within  the  chamber  area. 
This  variable  pressure  Is  directly  applied  to  the  piston  and  this  In 
turn  produces  a  variable  torque  at  the  roadarm.  The  roadarm.  then, 
appears  to  be  driven  by  a  spring  Just  as  If  It  ware  used  In  conjunction 
with  a  torsion  bar,  except  that  the  spring  action  Is  developed  by  virtue 
of  compressibility  of  a  gas  rather  than  by  the  stress  developed  In  the 
torsion  bar. 


It  can  be  seen  that  the  load  produced  at  any  point  In  the  rotation  of 
the  roadarm  can  be  altered  by  changing  the  pressure  In  the  gas  chamber 
at  that  location.  Further,  the  slope  or  rate  of  the  spring  can  be 
modified  by  changing  the  volume  of  fluid  In  the  chambers  and  thus 
altering  the  compression  ratio  of  the  nitrogen  gas.  Changing  the  pre¬ 
load  by  changing  the  pressure  Is  somewhat  analogous  to  ''clocking"  the 
Initial  pre-load  point  of  the  torsion  bar.  Changing  the  rate  of  the 
spring  by  altering  the  fluid  volume  Is  equivalent  to  changing  the  length 
and/or  diameter  of  the  torsion  bar,  although  such  a  change  to  the 
torsion  bar  Is  rarely  done  In  practice  due  to  practical  physical 
restrictions. 


The  damping  mechanism  of  the  suspension  unit  can  be  seen  In  Figure  2-2, 
an  end  elevation  cross  section.  A  series  of  f  Ictlon  discs  (1)  form  the 


basic  damping  a1«m«nt.  Th«  discs  are  so  arrangad  that  on«  Is  axternally 
spllnad  so  as  to  remain  rotational 1y  stationary  with  respect  the 

suspension  unit  spindle,  the  next  Internally  spllned  so  as  to  rotate 
with  the  roadarm.  The  third  Is,  like  the  first,  fixed  t  *he  spindle, 
and  so  on.  A  normal  force  Is  applied  to  the  stack  and  tu  provides 
damping  friction  to  oppose  relative  rotation  of  the  spindle  and  roadarm. 
A  large  degree  of  versatility  In  the  damping  characteristics  Is  made 
possible  by  utilizing  a  hydraulic  means  to  apply  the  normal  force  to  the 
friction  discs.  This  Is  done  by  the  application  jf  hydraulic  pressure 
to  toroidal  piston  (2),  forcing  It  against  the  plates.  The  pressure  Is 
developed  through  the  action  of  piston  pump  (3)  Installed  In  the 

stationary  spindle.  The  piston  pump  Is  driven  by  cam  (4)  which  .1$ 
mounted  to  the  roadarm  and  rotates  with  It.  By  controlling  the 

position,  rise  rate  and  dwell  of  the  cam  as  well  as  the  peak  pressure 
developed  In  the  pump  by  means  of  a  relief  valve,  It  Is  possible  to 
provide  an  almost  endless  variety  of  damping  characteristics  In  the 

suspension  unit.  The  characteristic  currently  used  Is  the  result  of  an 
extensive  amount  of  operational  experience  with  the  test  vehicle.  As 
earlier  mentioned,  all  twelve  (12)  suspension  units  provided  with  the 
vehicle  are  functionally  Identical  and  In  consequence  all  stations 
exhibit  the  damped  characteristic. 

Since  the  HSS  uses  high  pressure  nitrogen  gas  as  well  as  hydraulic  fluid 
In  Its  operation,  It  follows  that  some  form  of  unusual  maintenance 
support  equipment  must  be  required.  This  Is  Indeed  the  case  and  CQT  has 
supplied  with  the  vehicle  a  charging  cart  which  makes  available  means  to 
add  high  and  low  pressure  gas  as  well  as  clean  fluid  to  the  suspension 
units  and  to  check  the  pressures  In  their  chambers.  Provision  Is  also 
made  on  the  cart  to  lift  and  handle  the  suspension  units  during  removal 
and  replacement  operations.  In  addition,  a  roadwheel  Jack  specifically 
adapted  to  the  physical  characteristics  of  the  suspension  units  has  been 
Included  with  the  equipment  shipped  with  the  vehicle.  These  Items  will 
be  discussed  In  detail  In  a  later  section. 
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3.1  MAINTENANCE  PHILOSOPHY 

Tht  HSS  has  baan  dasignad  for  long  sarvica  Ufa  and  may  ba  axpacted  to 
aqua1  or  axcaad  tha  anduranea  eharaetarlstic  of  tha  vahlcla  Itself  in 
terms  of  operational  time  between  major  overhauls.  Tha  design  of  the 
Individual  suspension  components  Is  such  that  vary  little  routine 
maintenance  is  required  or  Indeed  even  possible.  Tha  suspension  units 
are  totally  enclosed  and  sealed  so  that  fluid  levels  within  the  units 
are  expected  to  require  no  maintenance  for  the  life  of  the  units  between 
overhauls.  Some  minor  loss  of  nitrogen  gas  may  be  expected  over  time 
and  It  Is  In  this  area  alone  that  routine  maintenance  can  and  will  be 
performed. 

Each  suspension  unit  contains  two  distinct  sections  where  specific 
volumes  of  fluid  and  pressures  of  gas  are  maintained.  As  the  total 
volumes  In  these  two  areas  change  as  a  function  of  roadarm  position  (one 
rises  as  the  other  falls),  it  Is  necessary  to  define  a  particular 
position  at  which  measurements  are  made.  This  position  is  known  as  the 
"static**  position  of  the  roadarm  and  it  corresponds  to  that  position 
achieved  when  the  suspension  unit  is  functioning  on  the  vehicle  at 
normal  vehicle  height.  In  the  case  of  the  HSS  equipped  P>7,  standard 
ground  clearance  has  been  established  as  17  inches  and  suspension  unit 
"static"  position  corresponds  to  this  height. 


At  the  static  position,  the  crank  case  of  the  suspension  unit  is  filled 
to  its  horizontal  center  line  with  fluid  and  topped  off  with  a  low 
pressure  charge  of  dry  nitrogen  to  assist  in  excluding  dust  and  dirt 
from  the  unit.  A  nominal  charge  of  60  psi  at  a  standard  temperature 
condition  of  70*F  is  usually  used.  The  fluid  in  the  crank  case  serves 
several  purposes.  It  forms  the  reservoir  source  for  the  piston  pump 
which  supplies  fluid  pressure  to  load  the  friction  disk  assembly  to 
achieve  damping  in  the  unit.  It  acts  as  a  lubricant  for  the  friction 
disks  themselves.  It  further  acts  as  a  lubricant  for  the  major  roller 
bearings  which  mount  the  roadarm  to  the  spindle.  The  fluid  itself  can 
be  expected  to  last  the  overhaul  life  of  the  unit  and  should  require  no 
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rtpltnlshmant  during  that  tlma.  Any  substantial  extarnal  leakage  which 
depletes  the  level  of  the  crank  case  oil  should  be  considered  as  a 
failure  requiring  suspension  unit  repair.  Note  that  a  relief  valve  Is 
utilized  as  an  emergency  overflow  device  for  the  crank  case  and  that 
under  conditions  of  severe  temperature  change  and  vehicle  usage.  It  Is 
remotely  possible  that  small  amounts  of  fluid  leakage  may  occur  at  the 
relief  valve,  which  Is  positioned  at  the  center  of  the  front  cover  of 
the  suspension  unit.  HI  nor  amounts  of  leakage  so  witnessed  under 
extreme  conditions  and  later  disappearing  when  conditions  become  less 
severe  can  be  discounted  as  presenting  no  cause  for  concern. 


The  high  pressure  chamber  of  the  suspension  unit  Is  charged  at  original 
assembly  with  a  quantity  of  oil  dependent  upon  the  desired  spring 
characteristic  of  the  unit.  A  nitrogen  gas  charge  Is  then  placed  on  top 
of  this  oil  charge  at  Installation.  The  pressure  level  of  this  gas 
charge  Is  dependent  upon  the  vehicle  weight  and  center  of  gravity  (CG) 
location.  As  with  the  crank  ease,  the  oil  content  of  the  high  pressure 
chamber  may  be  expected  to  remain  stab.le  for  the  overhaul  life  of  the 
suspension  unit  and  no  maintenance  In  this  regard  Is  required.  Some 
minor  amounts  of  gas  leakage  may  be  anticipated  and  It  can  be 
occasionally  necessary  to  top  off  the  gas  charge. 


The  HSS  equipped  P<7  vehicle,  as  shipped  by  CGT  and  ballasted  with 
materials  supplied  by  DTRC,  weighed  In  at  Just  about  50,000  pounds,  with 
full  fuel  load.  Corner  weight  measurements  showed  the  C6  at  96.0  Inches 
behind  the  final  drive  (Station  196.0).  For  this  weight  and  CQ 
condition,  calculations  showed  the  proper  values  of  pre-charge  for  the 
suspension  units  at  static  condition  to  be: 


Stations  1  &  2  (each  side  of  the  vehicle) 
Stations  3,  4,  5,  6  (each  side  of  the  vehicle) 


3,000  psi 
1,750  psi 
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M  These  pre-charge  pressures  correspond  to  a  vehicle  height  of  17  inches 

I  and  these  were  the  pressures  that  were  used  when  the  vehicle  was 

shipped.  It  should  be  realized  that  any  large  and  relatively  permanent 
I  change  to  vehicle  weight  and  CG  location  should  probably  be  accompanied 

by  an  equivalent  modification  to  unit  pre-charge  pressures,  These  can 
H  be  easily  calculated  for  any  given  case.  This  is  not  to  imply  that  a 

*  change  in  static  pressure  is  necessary  for  every  alteration  in  weight 

B  and  CG  any  more  than  would  be  the  case  with  torsion  bar  suspension.  As 

S  will  become  apparent  with  experience,  considerable  changes  in  weight  and 

.  CG  locations  can  be  accommodated  without  significant  attitude  change  in 

I  the  vehicle. 

■  3.2  MAINTENANCE  SCHEDULE 

■  The  following  is  suggested  as  a  maintenance  schedule  for  the  P-7  vehicle 

*  equipped  with  hydropneumatic  suspension: 

3.2.1  Daily,  or  before  vehicle  use: 

-  3. 2. 1.1  Visually  check  for  evidence  of  leakage  at  each  suspension 

H  unit.  If  leakage  is  noted,  clean  up  the  area  and  continue  to 

observe  the  unit  for  signs  of  ongoing  leakage.  Continued 
I  evidence  of  leakage  should  be  considered  as  cause  to  remove 

the  suspension  unit  for  depot  service. 

3. 2. 1.2  Establish  convenient  locations  on  the  vehicle  to  check  for 
I  height  at  each  of  the  four  corners  corresponding  to  a  hull 

clearance  of  17  inches  on  level  ground.  Bring  the  vehicle  to 

■  a  free  rolling  stop  and  check  vehicle  attitude  by  scaling  the 

previously  established  locations.  If  height  is  out  of 

■  specification  by  more  than  1"  at  any  corner,  check  for  "weak" 

*  suspension  unit  by  lifting  with  a  track  bar.  If  an  obviously 

.  defective  unit  is  noted,  replace  at  first  opportunity. 

I  Otherwise,  perform  the  tests  of  3.2.2  at  the  earliest 
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reasonable  opportunity  to  establish  the  cause  of  the  out-of- 
level  condition. 


3.2.2  Semi -annuel ly,  or  at  500  hour  operating  intervals,  perform  a 
check  per  3. 2. 2.1,  3. 2. 2. 2  and  3. 2. 2. 3. 


The  requirements  of  3.2.2  must  be  performed  with  vehicle 
located  on  flat  terrain  and  with  the  hull  situated  at  the 
specified  17  Inch  ground  clearance.  If  necessary,  jacking 
must  be  used  to  accomplished  this  condition.  In  addition,  the 
vehicle  must  be  idle  for  at  least  8  hours  to  allow 
temperatures  to  stabilize  and  to  minimize  foaming  before  the 
pressure  checks  are  made. 


Gas  pressures  in  crank  case  and  high  pressure  chambers  will 
necessarily  change  as  a  function  of  ambient  temperature.  The 
following  table  may  be  used  as  a  correction  factor  on  the 
pressures  checked  in  3.2.2. 1. 


AMBIENT  TEMP.  ’F: 
-20* 

-10* 

0* 

10* 

20* 

30* 

40* 

50* 

60* 

70' 


MULTIPLE  REQUIRED  PRESSURE  BY; 
0.830 
0.849 
0.868 
0.887 
0.906 
0.925 
0.943 
0.962 
0.981 
1.000 


80* 


1.019 


90* 

1.038 

100* 

1.057 

no* 

1.075 

120* 

1.094 

3.2.2. 1  Chack  static  gas  spring  prassura  at  aach  suspension  unit  per 
procedure  of  S.l.  If  any  are  found  to  be  more  than  5X  outside 
the  prescribed  value,  re-charge  to  the  proper  level  per  the 
procedur^^.  A  variation  from  the  required  pressure  of  more 
than  20%  should  be  considered  as  causa  to  remove  the 
suspension  unit  for  depot  service. 

3. 2. 2. 2  Check  crankcase  fluid  level  In  all  suspension  units  per  method 
described  In  Section  S.2. 

3. 2. 2. 3  Charge  crankcase  pressures  In  all  suspension  units  per  method 
described  1n  Section  5.3. 


4.1  CHARGING  CART/ROADWHEEL  JACK 

The  charging  cart  (Figure  4-1)  provided  with  the  HSS  equipped  P-7 
vehicle  Is  designed  to  provide  several  features  In  terms  of  maintaining 
the  suspension  system: 

A  means  of  checking  and  replenishing  the  high  pressure  gas  supply 
In  the  suspension  unit  spring  chamber. 

A  means  of  checking  and  replenisning  the  low  pressure  gas  supply  in 
the  suspension  unit  crank  case. 


A  means  to  provide  clean,  filtered  fluid  for  replenishment  of 
spring  and  crankcase  of  the  suspension  unit  In  the  event  of  minor 
overhaul . 

•  A  lifting  means  to  assist  In  the  removal  and  replacement  of 
suspension  units  frcm  the  vehicle  hull. 

The  charging  cart  Is  based  upon  a  commercially  available  steel  mill  cart 
of  30  inch  X  60  Inch  platform  dimension  utlllaing  pneumatic  tires  and  a 
steerable  tongue  at  the  front  of  the  cart.  Mounted  on  the  cart  bed  are 
a  pair  of  channels  suitable  for  accommodating  two  high  pressure  gas 
tanks  which  rest  in  a  near  horizontal  position.  On  the  center  of  the 
bed  Is  an  anchor  for  a  hydraulic  cylinder,  the  movable  end  of  which 
attaches  to  a  lift  frame  pivoted  near  the  rear  end  of  the  cart  bed. 
Longitudinally  mounted  on  this  lift  frame  Is  a  slidable  tongue.  Motion 
of  the  cylinder  provides  a  vertical  lift  at  the  end  of  the  tongue,  which 
Is  supplied  with  a  bolt  to  be  u^ed  in  conjunction  with  a  lifting  eye.  A 
manually  operated  hydraulic  pump  mounted  above  one  of  the  cylinders 
provides  the  motive  power  to  operate  the  lift  cylinder. 

The  upper  superstructure  which  mounts  the  manual  pump  also  makes 
provision  for  a  large  storage  box  with  removable  cover.  This  box 
contains  the  necessary  hoses  and  Instrumentation  for  the  operation  of 
the  charging  cart.  At  one  side  of  the  box  is  mounted  an  air  operated 
gas  booster  assembly  whose  function  Is  to  accept  gas  from  the  nitrogen 
tanks  and  boost  the  pressure  of  the  gas  to  a  level  suitable  for  entry 
Into  the  suspension  unit  spring.  Above  the  booster  Is  mounted  a  low 
pressure  gas  regulator  which  serves  to  provide  gas  to  the  suspension 
unit  crank  case  and  to  pressurize  the  oil  supply  to  make  fluid  available 
for  replenishment  of  spring  and  crankcase  In  the  event  of  minor 
overhaul . 

The  terminations  of  the  three  hoses  contained  In  the  storage  box  may  be 
seen  In  Figure  4-2,  The  leftmost  termination  Is  that  for  low  pressure 
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nitrogen  gas.  The  center  hose  terminates  In  a  spigot  which  Is  used  to 
supply  filtered  oil  under  low  pressure.  The  right  hose  Is  for  high 
pressure  nitrogen  gas  and  Includes  a  check  valve  to  prevent  gas  from  the 
suspension  unit  from  having  to  fill  the  whole  hose  when  a  pressure  check 
is  made.  In  addition,  a  manually  operated  hand  valve  can  be  used  to 
save  the  gas  stored  In  the  necessarily  long  supply  hose  while  the  hose 
termination  Is  being  moved  from  one  site  to  another.  The  tee  connection 
Into  the  hose  termination  of  this  line  connects  a  pressure  transducer 
which,  In  conjunction  with  the  appropriate  conditioning  equipment.  Is 
used  to  check  high  pressure  gas  level.  Figure  4-3  shows  the  remainder 
of  the  pressure  testing  equipment  which  is  contained  in  a  steel  storage 
box,  normally  stowed  with  the  hoses  on  the  charge  cart.  This  box 
contains  a  battery  operated  strain  gaga  transducer  conditioner  with 
integral  read  out  and  a  separate  charger  for  the  conditioner  battery. 
Also  Included  is  a  cable  to  make  the  Interconnection  between  conditioner 
and  transducer. 


The  roadwheel  Jack  supplied  with  the  H$S  equipped  P*7  Is  simply  a 
modification  of  a  commercially  available  hydraulic  Jack  assembly  (Figure 
4-4)  with  remote  pump  (Figure  4-8)  facility.  The  hydraulic  Jack  is 
adapted  with  a  lower  end  fitting  to  allow  it  to  stand  on  the  vehicle 
track.  The  upper  end  is  adapted  to  cradle  the  end  of  the  suspension 
unit  roadarm.  A  separate  riser  block  is  used  to  lift  the  roadw,hee1 
through  the  considerable  height  necessary  to  clear  the  track  guides 
prior  to  application  of  the  cylinder.  The  cylinder  and  pump  are  then 
used  to  raise  the  wheel  slightly  more  and  allow  removal  of  the 
roadwheel s.  The  cylinder  generates  sufficient  thrust  to  easily  overcome 
the  suspension  unit  gas  spring  and  roadwheel  and  hub  assemblies  can 
therefore  readily  be  changed  without  discharging  the  suspension  units. 


4.2  PREPARING  THE  CHARGE  CART  FOR  OPERATION 

4.2.1  Place  a  charged  tank  of  dry  nitrogen  on  one  of  the  rails 
provided  on  the  bed  surface  of  the  charge  cart.  (A  second 
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rail  Is  provided  to  allow  storage  of  an  optional  nitrogen  tank 
for  future  use.) 

4.2.2  Connect  the  flexible  gas  Inlet  hose  to  the  nitrogen  tank 
outlet  fitting  and  fasten  securely. 

4.2.3  Open  the  nitrogen  tank  hand  valve.  The  tank  pressure  will 
register  on  the  right  hand  gauge  of  the  regulator  above  the 
air  booster. 

4.2.4  Connect  a  shop  air  supply  hose  (nominal  100  psi)  to  the  air 
Intake  fitting  Just  to  the  left  of  the  gas  regulator.  Make 
sure  the  hand  operated  needle  valve  associated  with  this 
fitting  Is  closed  before  connecting  the  air  supply. 

4.2.5  Remove  the  pressure  transducer  conditioning  amplifier  and 

associated  Interconnecting  cable  from  their  storage  box. 

4.2.6  Hake  appropriate  connections  of  the  Interconnecting  cable  at 
the  rear  of  the  conditioner  box  and  at  the  pressure  transducer 
situated  at  the  end  of  the  high  pressure  hose. 

4.2.7  Check  battery  condition  of  the  conditioner  by  turning  the 

control  knob  on  the  front  panel  fully  counter-clockwise  to  the 
BATTERY  CHECK  position.  Turn  the  panel  power  switch  ON.  The 
meter  reading  should  always  be  above  800  for  proper  operation 
of  the  system.  (See  equipment  manual  In  appendix  for  charging 
Instructions.)  Typical  reading  at  full  battery  charge  will  be 
something  above  1200. 

4.2.8  Rotate  the  control  switch  on  the  front  panel  of  the 

conditioner  clockwise  to  Channel  1.  Make  sure  no  pressure  Is 
seen  at  the  pressure  transducer  by  bleeding  off  any  excess 
through  the  fitting  at  the  end  of  the  hose.  The  panel  reading 
should  now  be  **0*.  If  not,  adjust  the  zero  potentiometer  on 
the  front  of  the  panel  until  the  meter  does  read  “0". 

4.2.9  Depress  the  CAL  button  located  on  the  front  of  the  Instrument 
panel.  The  reading  should  now  be  366  or  367.  If  this  Is  not 
the  case,  adjust  the  span  adjust  for  Channel  1  until  It  Is. 
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4.2.10  Re-run  steps  4.2.8  and  4.2.9  until  the  conditions  specified  in 
both  steps  are  met  without  further  adjustment. 

4.2.11  Turn  the  pressure  regulator  control  knob  clockwise  until  the 
left  hand  gauge  reads  60  pal. 


The  charge  cart  is  now  ready  for  operation. 


5.1  CHECKING  THE  SPRING  OAS  CHARGE 

Hake  sure  that  the  vehicle  is  at  the  prescribed  17  Inch  ground  clearance 
level.  Use  Jack  stands,  If  necessary,  to  control  the  height.  Hove  the 
charging  cart  (prepared  as  Indicated  In  Section  4.2  for  operation)  to 
within  comfortable  working  proximity  of  the  suspension  unit  to  be 
checked.  Then  proceed  through  the  following  steps: 

5.1.1  Refer  to  the  section  view  of  the  suspension  unit  roadarm 
designated  Figure  5-1.  Carefully  clean  the  area  around  the 
charging  valve  cover  (1). 

I 

5.1.2  Remove  two  screws  (2)  and  remove  the  charging  valve  cover  from 
the  roadarm. 

5.1.3  Carefully  clean  the  area  surrounding  the  charge  valve  (3)  and 
the  bleed  plug  (4). 

5.1.4  Remove  the  bleed  plug  from  the  roadarm  and  Insert  the  straight 
thread  end  of  the  flared  union  (1/4"  37  deg.  flare  to  1/4" 
straight  thread)  provided.  WARNING:  Do  NQI  substitue  brass 
or  copper  fittings  In  this  high  pressure  application. 

5. 1.5  Connect  the  end  fitting  nut  of  the  charge  cart  high  pressure 
hose  to  the  flared  end  of  the  union  Just  Installed  In  the 
roadarm. 

5.1.6  Make  sure  the  hand  valve  Installed  In  the  high  pressure  hose 
Is  closed  (clockwise). 

5.1.7  Open  the  charge  valve  (3)  by  turning  it  counter  clockwise  one- 
half  turn. 


1 

S.l.B  Obsarvtt  tha  pressure  now  registered  on  the  pressure  transducer 
conditioning  Instrument.  NOTE:  The  numerals  shown  will 
represent  one-tenth  of  the  actual  pressure.  For  example, 
2,560  psi  w111  read  as  2S6  on  the  Instrument > 

8.1.9  If  the  gas  pressure  needs  to  be  modified,  continue  WUh  step 
5.1.10.  If  the  pressure  level  Is  satisfactory,  skip  over  to 
step  5.1.16. 

5.1.10  Open  the  hand  valve  on  the  nitrogen  bottle  (turn 
counterclockwise)  and  observe  the  tank  pressure  as  Indicated 
at  the  right-hand  pressure  gage  of  the  regulator. 

5.1.11  If  the  pressure  observed  is  higher  than  that  required  1n  the 
suspension  unit,  no  boost  w11i  be  required  and  control  of  the 
gas  to  be  Inserted  Into  the  unit  will  be  accomplished  by  the 
small  hand  valve  near  the  end  of  the  high  pressure  hose.  Open 
this  valve  (counterclockwise)  slightly  and  gradually  elev&te 
the  pressure  In  the  suspension  unit  until  the  proper  pressure 
Is  reached.  Close  the  hand  valve  and  continue  to  observe  the 
pressure  as  It  stabilizes.  If  It  settles  to  a  pressure  lower 
than  required,  add  more  gas  by  opening  the  hand  valve  again. 
If  stability  occurs  at  an  excessive  pressure,  bleed  gas  off  by 
slightly  loosening  and  then  re-tightening  the  high  pressure 
line  to  the  flare  union.  The  final  pressure  should  be  within 
1%  of  target  pressure  and  should  be  stable  within  1/4%  of 
target  for  a  minimum  observation  period  of  30  seconds. 
Achieving  this  goal^  will  be  a  bit  difficult  for  the  operator 
at  first,  but  will  be  accomplished  relatively  easily  after 
some  practice. 

5.1.12  If  a  pressure  higher  than  that  existing  In  the  nitrogen  tank 
Is  needed  at  the  suspension  unit,  boost  will  be  required.  In 
this  event,  open  fully  the  hand  valve  at  the  end  of  the  high, 
pressure  hose.  A  check  valve  In  the  line  will  prevent  back 
flow  from  the  suspension  unit  to  the  tank. 

5.1.13  Gradually  open  the  hand  valve  controlling  the  air  line  Input 
to  the  booster.  The  booster  will  conunence  to  "chug"  and  after 


a  f«w  cyclas  an  Incraasa  In  prassura  at  tha  transducar  will  ba 
notad. 

5.1.14  Conti nua  oparating  tha  boostar  as  raquirad  to  bring  the 
pressure  to  tha  final  dasirad  value.  Use  tha  technique 
described  In  5.1.11  except  that  gas  addition  Is  controlled  by 
tha  boost  air  Una  hand  valve  rather  than  the  high  pressure 
gas  line  hand  valve.  The  same  tolerances  on  pressure  levels 
and  stability  apply. 

5.1.15  Close  the  charging  valve  (3)  by  turning  It  clockwise  till  It 
seats.  Tighten  to  30  foot-pounds.  Do .nat  over-torque  the 
charging  valve  as  this  can  damage  the  critical  seat. 

5.1.16  Close  the  high  pressure  line  hand  valve  to  save  the  gas  stored 
in  the  hose.  (Bleed  the  hose  off  when  the  main  tank  valve  Is 
closed  and  the  hose  Is  stored  after  the  working  session^) 

5.1.17  Slightly  loosen  the  end  fitting  nut  at  the  flare  union  to 
allow  the  gas  trapped  In  the  end  of  the  high  pressure  line  to 
bleed  off.  Then  remove  the  nut  and  line  from  the  flare  union. 

5.1.18  Remove  the  flare  union  from  the  roadarm  and  re-install  the 
bleed  plug  (4). 

5.1.19  Replace  the  charging  valve  cover  (1)  and  Install  two  screws 

(2). 

NOTE:  Cleanliness  in  the  handling  of  parts  during  the  checking  of  the 
spring  gas  charge  cannot  be  too  highly  stressed.  Introduction  of  any 
contaminate  Into  the  suspension  unit  can  be  a  cause  of  catastrophic 
failure.  The  suspension  unit  Is  built  to  withstand  a  great  deal  of 
contamination  and  abuse  on  the  outside,  but  the  Interior  must  be  kept 
dean  to  assure  proper  performance. 

5.2  CHECKING  CRANK  CASE  FLUID  LEVEL 

5.2.1  Refer  to  Figure  5-2.  Clean  the  area  around  the  crank  case 

fin  assembly  (1)  carefully. 
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5.2.2.  Remove  plug  (2)  from  the  assembly. 

5.2.3  Using  a  suitable  tool,  depress  the  valve  stem  of  the  fill 
valve  assembly  and  allow  the  gas  charge  to  escape.  Make  sure 
to  hold  the  valve  open  '.ong  enough  to  allow  thorough  bleeding 
of  the  gas  charge. 

5.2.4  Refer  to  Figure  5-3.  Carefully  clean  the  area  around  the 
crank  case  blow  off  valve  assembly  (1). 

5.2. 5  Remove  the  crank  case  blow  off  valve  assembly  from  the  torque 
cover. 

5.2.6  Visually  Inspect  for  fluid  level,  using  an  auxiliary  light 
source  If  necessary.  Fluid  level  should  be  approximately  at 
the  lower  edge  of  the  blow  off  valve  port  and.  In  consequence, 
fluid  should  slowly  run  out  when  the  assembly  has  been 
removed.  NOTE:  No  significant  change  to  the  crank  case  oil 
level  should  normally  occur  In  regular  service.  It  should 
therefore  be  unnecessary  to  add  oil  to  or  remove  oil  from  the 
crank  case  except  during  repair  and  overhaul  operations.  Any 
major  change  In  the  oil  level  found  during  this  check  should 
therefore,  be  considered  a  cause  for  concern  and  the  reasons 
should  be  Investigated. 

5.2.7  If  the  crankcase  fluid  level  Is  as  specified,  and  the 
decision  Is  made  to  correct  It,  proceed  with  step  5.2.8. 
Otherwise,  skip  to  step  5.2.9. 

5.2.8  Should  the  crankcase  oil  level  be  too  high,  1t  can  be  reduced 
simply  by  allowing  the  excess  to  run  out  the  blow  off  assembly 
port.  When  complete,  proceed  to  step  5.2.9.  If  the  level  is 
low,  remove  the  entire  crankcase  fill  assembly  (Item  (1)  In 
Figure  5.2).  Bring  the  charging  cart  (prepared  for  operation 
per  steps  4.2.1,  4.2.2,  4.2.3  and  4.2.11)  near  to  the 
suspension  unit.  Use  the  filtered  oil  hoso  (termination  Is  a 
spigot)  and  add  oil  as  required  through  the  opening  left  by 
the  crankcase  fill  assembly.  When  complete,  re>1nstall  the 
crankcase  fill  assembly  Into  the  roadarm. 
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5.2.9  Re-Install  the  crankcase  blow-off  valve  Into  the  torque  cover. 

5.2.10  Re-Install  the  cover  plug  Into  the  crankcase  fill  assembly. 

5.3  CHECKINQ  THE  CRANK  CASE  GAS  CHARGE 

5.3.1  Refer  to  the  section  view  of  the  suspension  unit  roadarm 

labelled  Figure  5-2.  Carefully  clean  the  area  around  the 
crank  case  fill  assembly  (1). 

5.3.2  Remove  the  plug  (2)  from  the  crank  case  fill  adaptor. 

5.3.3  Bring  the  charging  cart  (prepared  for  operation  per  steps 

4.2.1,  4.2.2,  4.2.3  and  4.2.11)  near  to  the  suspension  unit  to 
be  tested. 

5.3.4  Apply  the  low  pressure  hose  end  fitting  to  the  air  Inlet  valve 
of  the  crank  case.  Hold  the  hose  In  position  long  enough  to 
allow  the  pressure  to  stabilize  to  within  1  psi  of  the 
regulated  value  observed  (set  to  60  psi  In  the  preparation 
stage)  when  the  hose  end  fitting  1$  free  standing. 

5.3.5  Remove  the  hose  from  the  air  Inlet  valve. 

5.3.6  Re-install  plug  (2)  Into  the  crankcase  fill  adaptor. 

6.1  RENOVING/REPLACING  ROAnWHEEL(S) 

Because  of  physical  considerations  the  roadarm  Jack  used  with  the 
standard  P-7  torsion  bar  suspension  system  Is  not  applicable  to  the  new 
hydropneumatic  suspension  units.  This  being  the  case,  CGT  has  supplied 
with  the  vehicle  a  sultcble  roadwheel  Jack  which  utilizes  hydraulics  for 
its  operation.  The  roadwheel  Jack  package  consists  of: 

A  manually  operated  hand-pump. 

A  lift  cylinder  with  end  fitting  adaptation. 

-  A  roadwheel  riser  block 
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To  removo  a  roadwheel  sat: 

6.1.1  Place  the  riser  block  on  the  track  In  front  of  (or  behind,  In 
the  case  of  station  number  1)  the  roadwheel  set  to  be  removed. 
Utilize  that  portion  of  the  track  outboard  of  the  track  guides 
and  make  sure  the  two  cleats  on  the  r^ser  engage  the 
rectangular  openings  In  adjacent  track  blocks.  This  will 
assure  that  the  riser  does  not  slip  In  the  succeeding 
operation. 

6.1.2  Drive  the  vehicle  forward  (or  back,  If  the  riser  has  been 
placed  behind  the  wheel  set)  to  cause  the  wheel  set  to  climb 
to  a  central  position  on  top  of  the  riser.  The  lift  of  the 
wheel  set  will  amount  to  approximately  4  1/2  Inches. 

6.1.3  Slightly  loosen  the  ten  (10)  restraining  nuts  on  the  wheel  set 
while  the  set  Is  prevented  from  rotation  by  the  riser  block. 

6.1.4  Place  the  roadwheel  Jack  cylinder  In  position  behind  the 
roadwheel  set.  The  lower  end  of  the  cylinder  will  engage  two 
successive  rectangular  openings  In  the  track.  The  upper  end 
will  cradle  the  lower  corner  of  the  suspension  unit  roadarm. 
(See  Figure  4-4). 

6.1.5  Close  the  hand  valve  of  the  roadwheel  Jack  pump.  Pump  the 
handle  until  the  cylinder  has  raised  the  wheels  approximately 
1/2  Inch  above  the  riser  block. 

6.1.6  Remove  the  ten  (10)  retaining  nuts  and  washers  from  the  wheel 
set  completely.  Remove  each  wheel  In  turn. 

6.1.7  Install  the  replacement  wheels  by  sliding  them  1n  turn  over 
the  threaded  studs  of  the  hub  assembly. 

6.1.8  Place  a  washer  and  nut  on  each  of  the  ten  (10)  threaded  studs. 
Snug  the  nuts  down  to  bring  the  wheels  Into  their  proper 
position. 

6.1.9  Open  the  hand  valve  of  the  roadwheel  Jack  pump  and  allow  the 
wheels  to  drop  and  re-engage  the  riser  block. 

6.1.10  Torque  ten  (10)  roadwheel  nuts  to  160  foot  pounds. 


21 


6.1.11  Remove  the  roadwheel  Jacic  cylinder  from  It's  position  under 
the  roadarm. 

6.1.12  Move  the  vehicle  sufficiently  to  dear  the  riser  block  and 
remove  It  from  the  track. 


NOTE;  For  servicing,  repair  and  overhaul  of  the  roadwheel  hub 
assembly,  see  Figure  6-1.  011  level  should  be  checked  weekly, 
or  at  any  Indication  of  leakage  as  evidenced  by  dampness  on 
the  exterior  surfaces  of  the  assembly. 


6.2  REMOVINQ/REPLACINQ  SUSPENSION  UNIT 

6.2.1  Remove  roadwheel  set  from  suspension  unit  as  described  In 

6.1.1  through  6.1.6. 

6.2.2  Refer  to  Figure  5-1.  Carefully  clean  the  area  around  the  high 
pressure  charging  valve  cover  (1). 

6.2.3  Remove  two  cover  mounting  screws  (2)  and  the  charging  valve 
cover  from  the  roadarm. 

6.2.4  Carefully  clean  the  area  surrounding  the  charge  valve  (3)  and 
bleed  plug  (4). 

6.2.5  Remove  bleed  plug  from  the  roadarm. 

6.2.6  Open  charge  valve  a  slight  amount  until  gas  starts  to  flow. 
Note  that  It  Is  necessary  to  allow  the  gas  to  escape  very 
gradually  to  avoid  the  loss  of  oil  as  well. 

6.2.7  Refer  to  Figure  5-2.  Carefully  clean  the  area  around  the 

crankcase  fill  assembly  (1)  and  remove  plug  (2).  (The 

crankcase  gas  charge  should  be  bled  off  per  5.2.3  if  further 
work  Is  to  be  done  on  suspension  unit  but  need  not  be  done 
simply  to  allow  removal  of  the  unit  from  Its  mounting). 

6.2.8  Screw  the  lifting  eye  supplied  with  the  charging  cart  Into  the 
opening  made  by  removal  of  the  plug  from  the  crank  case  fill 
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valve.  Leave  the  eye  1/2  turn  loose  from  bottoming  to  allow 
It  to  be  used  as  a  swivel. 

6.2.9  Remove  nine  (9)  5/8-11  bolts  fastening  the  suspension  unit  to 
the  vehicle  hull.  Note  that  It  will  be  necessary  to  move  the 
roadarm  angularly  In  order  to  achieve  access  to  two  of  the 
hold  down  bolts.  This  can  be  accomplished  after  completion  of 
the  gas  spring  bleed  process  by  using  a  track  bar  to  move  the 
roadarm  up  and  down  as  required. 

6.2.10  Remove  the  shoulder  bolt  from  the  end  of  the  boom  on  the 

charging  cart  and  move  the  cart  Into  position  so  that  the  slot 
at  the  end  of  the  boom  straddles  the  eye  threaded  Into  the 
crank  case  fill  adaptor. 

6.2.11  Replace  the  shoulder  bolt  through  the  end  of  the  lifting  boom 

so  that  It  passes  through  the  boom  and  eye  at  the  same  time. 

6.2.12  Close  the  valve  on  the  lift  cylinder  hand  pump  and  apply 

action  to  the  pump  handle  to  cause  the  lifting  cylinder  to 
support  most  of  the  weight  of  the  suspension  unit. 

6.2.13  Rock  the  suspension  back  and  forth  while  gradually  applying 
outboard  effort  on  the  charging  cart  and  In  turn,  the  lifting 
boom.  The  suspension  unit  will  come  free  of  the  hull  and  be 
suspended  In  air,  held  by  the  boom.  Lower  the  lifting  boom  to 
allow  the  suspension  unit  to  rest  on  the  floor  or  other 
surface  and  remove  the  shoulder  bolt  from  the  lifting  eye. 

6.2.14  To  replace  a  suspension  unit  on  the  hull,  clean  the  mounting 
surfaces  and  pilot  diameter,  of  the  suspension  unit  and 
mounting  ring,  making  sure  to  remove  any  cured  sealant  left 
from  the  previous  Installation.  Coat  liberally  with  two  part 
sealant  per  NlL-S-81733  Type  II. 

6.2.15  Repeat  steps  6.2.7,  6.2.8,  6.2.10,  and  6.2.11  to  prepare  the 
replacement  unit  for  Installation  on  the  hull. 

6.2.16  Close  the  valve  on  the  lift  cylinder  hand  pump  and  operate  the 
pump  handle  to  lift  the  suspension  unit  Into  the  approximate 
position  for  Installation  on  the  hull. 
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6.2.17  Hove  the  charging  cart  Into  position  and  spot  the  suspension 
unit  so  that  it  "hangs'*  from  the  torque  pin  extending  from  the 
mounting  ring.  Rock  the  suspension  unit  back  and  forth  to 
cause  it  to  engage  the  pilot  diameter  and  drop  into  position 
on  the  mounting  ring. 

6.2.18  Install  nine  (9)  5/8-11  bolts  doped  with  the  sealant  described 
in  6.2.14  to  fasten  the  suspension  unit  to  the  vehicle  hull. 
Note  that  rotation  of  the  roadarm  by  the  use  of  a  track  bar 
will  be  necessary  to  gain  access  to  two  of  mounting  bolts. 

6.2.19  Disconnect  the  lifting  boom  from  the  suspension  unit.  Tighten 
nine  (9)  mounting  bolts  to  ISO  foot  pound  level. 

6.2.20  Re-charge  the  gas  spring,  re-check  crankcase  fluid  level,  and 
replace  gas  charge  in  the  crankcase  per  sections  5.1,  5.2,  and 
5.3. 


6.3  RENOVING/REPLACING  TRACK  SUPPORT  ROLLER 

6.3.1  Clear  the  area  of  the  track  roller  of  mud  and  debris  as 
necessary. 

6.3.2  Using  suitable  means.  Jack  the  track  up  from  the  track  roller 
slightly  in  order  to  relieve  the  load  on  the  roller  assembly. 

6.3.3  Remove  five  (5)  5/8-11  bolts  holding  the  track  roller  to  the 
hull.  The  bolts  are  accessible  using  a  socket  wrench  passed 
through  holes  in  the  roller  hub. 

6.3.4.  Remove  the  track  roller  assembly  from  the  hull. 

6.3.5  To  replace  a  track  roller  assembly  on  the  hull,  clean  the 
mounting  surface  at  the  rear  of  the  assembly  and  coat 
liberally  with  sealant  par  HIL-S-18733  Type  II.  If  necessary, 
clear  the  area  of  mounting  on  the  hull  of  hardened  sealant 
left  from  the  previous  installation. 

6.3.6  Position  the  track  roller  assembly  at  the  hull  bolt  pattern 
and  Insert  five  (5)  5/8-11  mounting  bolts  which  have  been 
doped  with  the  sealant  described  in  6.3.5. 
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6.3.7  Torque  the  five  (5)  mounting  bolts  to  ISO  foot  pounds. 

6.3.8  Remove  the  track  Jacking  provisions  from  the  vehicle. 

NOTE:  For  servicing,  repair  and  overhaul  of  the  track  roller  assembly, 
see  Figure  6-2.  The  assembly  1$  very  similar  to  that  used  on  an  M2 
vehicle,  but  has  been  modified  to  reduce  the  height  of  the  hubcap  to 
allow  clearance  with  respect  to  the  track  guides  of  the  vehicle.  Oil 
level  should  bo  checked  weekly,  or  at  any  Indication  of  leakage  as 
evidenced  by  dampness  on  the  exterior  surfaces  of  the  assembly. 


7.1  CHECKING  THE  TRACK  TENSION 

In  addition  to  track  roller  assemblies,  a  slide  plate  has  been  added  to 
each  side  of  the  vehicle  at  Station  3.  This  slide  plate  serves  the 
purpose  of  minimizing  track  droop  and  possible  resulting  damage  to  the 
suspension  units.  At  the  same  time.  It  serves  as  a  convenient  method  of 
checking  track  tension  by  Indicating  the  amount  of  catenary  droop 
between  the  track  rollers  located  at  Stations  1  and  5.  To  cneck  track 
tension: 

7.1.1  Allow  the  vehicle  to  come  to  a  free  rolling  stop  on  relatively 
level,  hard  ground. 

7.1.2  Check  the  spacing  between  skid  plate  and  track  on  each  side  of 
the  vehicle,  kroper  clearance  should  be  approximately  1/2 
Inch,  which  corresponds  to  a  track  tension  of  6,000  pounds. 

7.1.3  Apply  high  pressure  grease  as  required  In  the  usual  fashion  to 
the  tensioner  at  the  rear  of  the  vehicle  to  bring  the  track  to 
the  appropriate  1/2  Inch  clearance. 
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Thft  CSB  Model  210  Indicator  Is  a  portable,  lightweight  instrument  designed  to 
uivuAuu^  i. ^ wtM  o LXdbXu** ^oge  transducers*  The  Model  2^^^  soecifica  lly 

designed  for  use  with  the  GSE  Model  768  Belt  Tension  Sensor.  This  portable 
and  versatile  system  is  used  primarily  to  test  automotive  V-Belt  tension.  The 
indicator  can  be  calibrated  for  up  to  six  (6)  different  V-Belt  sizes  using  a 
selector  switch  with  associated  span  potentiometers. 

The  Model  210  Indicator  also  features  an  internal  selectable  decimal  point,  a 
rechargeable  battery,  binding  posts  for  external  calibration  resistors,  an  MS 
connector,  a  battery  recharge  jack  and  an  analog  output  jack.  The  following 
controls  are  used  on  the  Model  210: 

1.  A  POWER  SWITCH  turns  the  Instrument  ON  and  OFF  (the  battery  may  be  charged 
with  the  switch  in  either  position). 

2.  A  CALIBRATIOH  BOTTOM  shunts  the  calibration  resistor  (mounted  in  the 
binding  posts  in  rear)  across  the  +power  and  +signal  leads  to  simulate  a 
load.  This  simulated  load  is  then  used  to  span  the  instrument,  matching 
it  to  the  transducer. 

3.  The  SPAN  SELECT  SWITCH  is  used  to  select  the  desired  calibration  setting. 
It  also  selects  the  Battery  Check  function. 

4.  The  SPAN  ADJOST  nlno^o•ro  ooii.!  ‘•Vo  -f n a ►  during  calibration. 

5.  The  ZZSO  potentiometer  allows  the  operator  to  tare  out  any  zero  offset. 

6.  The  DECIMAL  POIBT  selector  switch  bank  is  located  inside  the  instrument 
and  nay  be  accessed  by  removing  the  screws  from  the  bottom  cover  and 
opening  the  case. 


2.0  SET  DP  AMD  CALIBRATION 


1.  Connect  the  transducer  to  the* input  connector.  If  the  transducer  connector 
must  be  wired,  use  the  following  wiring  code: 
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2.0  SET-OP  AMD  CALIBBATIOM  cont’d 


2.  Check  the  better/  b/  selecting  the  Better/  Check  function  with  the  Span 
Select  switch.  la  the  Better/  Cheek  position  the  displey  will  indieete 
the  eeaditien  of  the  battery.  A  reeding  of  800  counts  or  less  Indlettes  e 
LOU  BATTERY  charge  level.  To  avoid  deaMge»  the  bettor/  should  bo  charged 
for  14  HRS.  before  further  use.  Leaving  the  instruaent  plugged  in,  with 
the  power  switch  either  ON  or  OFF,  will  recharge  the  better/.  If  the 
instrunent  is  stored  for  any  length  of  tine,  the  battery  level  oust  be 
checked  before  use. 

3.  If  desired,  change  the  decloial  point  piosition  by  using  the  int><mal  "dip 
switch"  bank.  The  switches  place  the  decinal  point  as  follows! 

Ill  0000. 

12 t  000.0 

#3t  00.00 

#4t  is  spare 

4.  Select  a  channel  with  the  span  select  switch. 

b.  Adjust  the  Zero  pot  (with  no  load  on  the  transducer)  until  the  display 
reads  sero. 

7.  Install  the  Calibration  Resistor  provided  with  the  transducer  in  the 
binding  posts  on  the  rear  of  the  instrunent. 

8.  Depress  the  Cal  Button  located  on  the  front  of  the  instrunent. 

9.  Using  the  span  pot  for  the  selected  channel,  adjust  the  displa/  to  natch 
the  calibration  value  stanped  on  the  cal  resistor  label. 

10.  Recheck  the  Zero  and  Span  and  ra-adjust  as  needed. 

■OTli  The  batter/  condition  should  be  checked  ever/  two  (2)  hours  when  th« 
Instrunent  is  in  use  in  the  batter/  node.  A  nine  (9)  volt  alkaline 
batter/  aa/  be  substituted  if  the  rechargeable  batter/  should  fail.  DO 
■or  ATTBIPT  TO  tICBARGB  AH  AlXALZBl  BAITIRTI 


3.0  OPTIOIAL  CAL  MITBOD 

This  nethod  uses  pre- tensioned  V>Belts  set  up  under  labors tor/  conditions  to 
precise  lead  levels  and  is  reeonmended  onl/  for  those  who  desire  the  best 
possible  accuracy.  Up  to  six  different  V-Belts  nay  be  loaded  with  dead 
weights  end  the  Model  210  indicator  is  then  used  to  calibrate  the  transducer 
on  the  nastar  test  fixture. 

a 

1.  Turn  the  instrument  on  and  connect  the  V«Belt  sensor. 

2.  Check  the  battery  condition  and  recharge  if  necessary. 
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3.0  OPTIOMAL  CAL  METHOD  eont'd 


2.  Ch«ek  the  b«tt«ry  condition  and  rtehergo  If  noeoianry. 

3.  Adjuat  tho  Zaro  pot  to  road  taro* 

4.  Clanp  the  sanaor  onto  tha  pra-tanalonad  7-Balt. 

3.  Salaet  tha  "CHANHEL  1"  Span  pot  and  adjuat  tha  Modal  210  to  natch  tha  load 
applied  to  tha  V-Balt« 

6«  Mora  tha  channaL  aalactor  aviteh  to  tha  next  petition  and  raoaat  atapa  1 
thru  5  for  tha  naxt  bait  aiaa  that  wiii  ba  uaad.  Rapaat  thia  precadura 
for  aach  bait  that  will  ba  uaad. 


m  ilCTBt  n? 


MON-LINEARZTY  .  ^  0.2SZ  PS 

BATTERY  .  Rachargaabla  9  volt,  eight  (8)  heura  plua  of 

eontinuoua  uaa 

RECHAROZR  .  113/230  VAC,  30-60  Ha,  input  12  VDC,  14  heura  racharga 

tina 

BRIDGE  EXCITATION  .  2.3  volta  DC,  330-1000  Ohn,  Full  Bridga 

INPUT  SIGNAL  .  0.4  •  3.0  aV/V  for  FS 

ANALOG  OUTPUT  . .  I  volt  DC  noninal  FS 

DISPUY  .  3  1/2  digit  LCD,  l/z”  high 

CALIBRATION  .  Six,  awitch  aalactabla  calibration  aattinga 

SHUNT  CALIBRATION  .  Binding  poata  on  rear  panel  for  ahunt  calibration 

raaiator 

HAXIhOH  READING  .  1999,  track  only 

CONNECTOR  .  HS-3I02A-148-3S 

SIZE  .  3"  W  X  2.23'*  K  X  3.23"  D 

WEIGHT  .  1  LB  2  Oa. 

**ft#*#*4r*******#***##*tlr**#******8k8l##**##*tF***#***#**  ***###  ****9^9^*#*  *********** 
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REPLACEMENT  NICAD  BATTERIES  AND  CHARGERS 


Rp’^lacement  TR  7/ft  Varta  NiCd  9V  batteries 
are  available  from  GSE 
by  ordering  part  #12-10-2200. 


Replacement  N30-85/60B065  D  &  B  Power  Chargers 
are  also  available  from  GSE 
by  ordering  part  #12-10-15827. 
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List  and  Description  of  Special  Tools 


_ liAXQfi _ 

Wrench,  Relief  Valve 

Locator ,  Pump 

Clamps,  Bearing 

Puller,  Connecting  Bar  Pin 

Roller,  Sleeve 

Puller,  Front  cover 
Wrench,  Charging 

Dummy  Relief  Valve 

Roll  Pin  Installation  Tool 
Damper  Spring  Compression  Tool 


_ Description _ 

Special  spanner  wrench  to 
torque  relief  valve  sleeve 
Into  roadarm  spindle 

Locate  pump  at  collapsed 
position  during  roadarm 
installation 

Clamp  outer  main  bearing  to 
roadarm  during  piston 
Installation 

Installation  and  removal 
tool  for  connecting  bar 
pin 

Installation  and  removal 
tool  for  roadarm  piston 

sleeve 

Tool  to  allow  quick  removal 
of  front  cover 

Special  wrench  with 
multiple  sizes  to  allow  gas 
spring  maintenance  with  one 
(1)  wrench 

Modified  relief  valve  body 
that  allows  pressure 
testing  of  damper  hydraulic 
circuit 

Tool  to  install  connecting 
bar  roll  pin 

Threaded  rods  used  to 
compress  damper  piston 
springs 


B-2 


APPENDIX  C 


ACCEPTANCE  TEST  PROCEDURE 


C-1 


AMS/ 7  2 1/M6 -RB9  0151 


ACCBPTAMCB  TBST  PROCBDURB 
IM-ARM  SnSPBMSIOM  UNIT 
DTRC  CONTRACT  MO.  M00167-88-C-0024  TO 
CADILLAC  CAQB  TBXTROM,  INC. 

(CDRL  A003) 

CONriaURATZOM  PBR  NAVSBA  DRAWING  NO.  6999761 


RBV1810N  DATBl _ 

Approval  (Bng.) _  (CQT) 

Data  I _ 


Drawing  Mo.  6599850 


C~2 


Sh««t: 

R«v: 

Sheet:  1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16 

Rev:  _________  _  _  _  _  _  _  _ 

Sheet;  17  18  19  20  21  22  23  24 

Rev :  _  _  _  _  _  _  _  _ 


Drawing  No.  6599880 


C-3 


1.0  Scope 

This  document  establishes  the  test  method  and  test 
equipment  to  be  used  In  evaluating  the  functional 
performance  of  In-Arm  Suspension  Units  (ISU)  M/N  6599761-  ' 
1-F,  6599761-1-R,  6599761-2-F,  and  6599761-2-R.  The  -1 
units  are  configured  for  the  left  (port)  side  and  the  -2 
units  for  the  right  (starboard)  side  of  the  vehicle.  -F 
units  are  trimmed  for  station  1  and  2  application  and  -R 
units  are  prepared  for  use  on  stations  3  through  6. 


2.0  ggngral  inConnation 

2 . 1  The  ISU  Assembly  and  its  component  parts  shall  conform  as 
applicable  to  the  detailed  test  parameters  of  paragraphs 
5.1,  5.2,  5.3,  5.4,  5.5,  and  5.6. 

2.2  The  working  hydraulic  fluid  used  in  the  ISU  Assembly 
spring  and  crankcase  sections  shall  be  Mobil  423  and 
shall,  prior  to  being  put  into  service  in  the  ISU,  be 
passed  through  a  fluid  filter  rated  at  10  micron  absolute 
or  better. 

2.3  All  functional  teats  shall  be  performed  at  an  ambient  and 
ISU  temperature  of  80  4-io*F  unless  otherwise  specified. 


3.0  liBi,tL.EaaiBnnnt 

3.1  The  test  apparatus  utilized  for  this  procedure  shall,  at 
a  minimum,  incorporate  the  following  features: 

3.1.1  A  structural  assembly  arranged  to  support  the  ISU  in  its 
normal  operational  attitude  and  using  mounting  provisions 
and  fasteners  closely  simulating  the  vehicle 
installation.  The  structure  shall  be  configured  to  allow 
installation  of  either  a  left  (6599761-1)  or  right  hand 
(6599761-2)  ISU  with  a  minimum  of  change  over. 

3.1.2  A  means,  such  as  a  servo  controlled  hydraulic  cylinder, 
of  producing  the  motion  and  simulating  the  forces  seen  at 
the  ISU  wheel  spindle  when  operating  on  a  vehicle.  This 
drive  means  shall  provide  sufficient  stroke,  at  a 
minimum,  to  operate  the  roadarm  through  wheel  spindle 
positions  on  demand  from  -5.0  inches  to  +12.0  inches 
(normal  or  "static"  operating  position  is  at  0.0  inches 
where  the  wheel  spindle  centerline  is  9.38  inches  below 
the  rotational  centerline  of  the  roadarm).  It  shall,  at 
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a  minimuTn,  be  adequately  powered  to  provide  vertical 
force  levels  at  the  spindle  up  to  40,000  pounds  on  a 
static  basis  and  to  25,000  pounds  dynamically  while 
operating  at  a  sinusoidal  frequency  of  0.3  Hz  at  the 
stro]ce  amplitude  indicated  above.  The  drive  shall  be 
capable  of  operating  at  frequencies  up  to  5.0  Hz  with 
proportionately  reduced  amplitudes. 

3.1.3  Provisions  to  measure,  on  a  bi-directional  and  continuous 

basis,  the  force  applied  by  the  drive  of  3.1.2  to  the  ISU 
wheel  spindle.  The  resulting  measurement  shall  be 

accurate  to  within  100  pounds  at  all  load  values. 

3.1.4  Means  to  continuously  measure  the  vertical  position  of 
the  ISU  wheel  spindle  as  it  is  operated  by  the  drive  of 
3.1.2.  The  measurement  shall  be  accurate  to  within  0.05 
inches  at  all  positions. 

3.1.5  Provisions  to  continuously  monitor  the  pressure  existing 

in  the  ISU  spring  chamber  during  operation.  Pressure 
will  range  from  approximately  1,000  to  12,000  psig 
dynamically  and  will  range  from  18,000  psig  for  proof 
teat  purposes.  The  pressure  measurement  shall  be 

accurate  to  within  ±13  psi  for  all  readings  up  to  5,000 
psig,  ±25  psi  for  all  readings  up  to  10,000  psig  and  ±50 
psi  for  proof  pressure  readings. 

3.1.6  Measurement  means  to  continuously  monitor  temperature  at 
a  selected  external  surface  location  on  the  test  ISU. 
The  equipment  must  be  capable  of  covering  a  minimum  range 
from  +50  to  +250 ‘F.  The  temperature  measured  shall  be 
accurate  to  within  2*F  at  all  readings. 

3.1.7  The  necessary  equipment  to  continuously  and 
simultaneously  record  the  data  produced  by  the 
instrumentation  devices  described  in  3.1.3  through  3.1.6 
as  the  ISU  is  put  through  the  test  cycle. 

3.1.8  The  means  to  operate  the  test  drive  on  a  continuous  and 
repeatable  basis  to  simulate  a  typical  cycle  of  input 
load  and  velocity  conditions  that  the  ISU  might 
experience  in  severe  vehicle  operation.  An  actual' 
recording  of  wheel  versus  hull  position  during  a 
strenuous  vehicle  run  used  to  drive  the  servo  cylinder  of 
3.1.2  is  one  satisfactory  method  of  arriving  at  this 
cycle  simulator. 
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4.0  Assembly 

All  parts  shall  be  carefully  deburred  and  cleaned  prior 
to  assembly.  Assembly  shall  be  performed  In  a  clean 
environment. 


5.0  Test  Procedurofl 


5.1  Damptr 

5.1.1  Assembly  Damper  Relief  Valve  per  6599762,  Sheet  2,  and 

Install  in  test  fixture  6599854.  Make  connections  per 

Figure  .1  and  follow  procedure  of  5.1.2  through  5.1.8. 

5.1.2  Open  shutoff  valve  (6). 

5.1.3  Adjust  pressure  regulator  (4)  to  Increase  the  pressure 

seen  at  the  gauge  (3)  from  1,000  pslg  at  a  rate  not  to 
exceed  100  psl  per  second.  Continue  increasing  pressure 
until  the  reading  at  flow  meter  (2)  reaches  2.0  gpm. 
Pressure  at  this  condition  shall  be  3,000  to  3,200  psig. 
If  lower,  add  shims  to  Relief  Valve  spring  cartridge  and, 
if  higher,  remove  shims  from  the  cartridge  to  bring  the 
pressure  into  the  specified  range. 

5.1.4  Adjust  the  pressure  regulator  to  decrease  the  pressure 
until  the  flow  reaches  0.025  gpm.  Pressure  at  this 
condition  shall  be  no  less  than  2,000  pslg. 

5.1.5  Close  ehutoff  valve  (6). 

5.1.6  Adjust  pressure  at  the  gauge  to  3,000  pslg. 

5.1.7  Using  a  suitable  measuring  container  and  timing  device, 
measure  the  leakage  flow  from  Relief  Valve  spring  cavity 
(5).  This  leakage  shall  fall  into  the  range  of  0.15  to 
0.40  gpm.  Record  measured  leakage  flow  at  Section  6.1. 

5.1.8  Remove  tested  Relief  Valve  assembly  from  fixture  block 
for  installation  into  ISU  assembly. 
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-  RETURN  PRESSURE  23  PSG  MAX  AT  ALL  FLOWS 

-  PRESSURE  SOURCE  -  3800  PSl  ->  3  QPM  MIN 

-  0-  TEST  REUEF  VALVE/  BLOCK  6899854 

-  0  -  FLOW  METER  -  RANGE  0.01  TO  3.0  0PM 

-  S  -  PRESSURE  GAUGE  -  RANGE  0  TT3  4000  PSI  W/  SNUBBER 

-  0  -  PRESSURE  REGUUTCR  -  RANGE  500  TO  3800  PSI 

-  0  -  ORAIN  FROM  REUEF  VALVE  SPRING  CAVITY 

-  0  -  SHUTOFF  VALVE 

RGURE  I 


1/4'  BLEED  TUBE 


-  PRESSURE  SOURCE  -  3000  PSI  -  1GPM 

-CD -  PRESSURE  GAGE  0  -  4000  PSI  W/  SNUBBER 

-  $  -  TEST  CHECK  VALVE/  BLOCK  6590855 

-  VI,  V2,  V3,  V4  -  HANO  OPERATED 
SHUT-OFF  VALVES 

-  •  USE  STATIC  HEAD  OF  8.0  ±0.5  FT.  OR 
LOW  PRESSURE  REGULATION  TO  CONTROL 
PRESSURE  AT  CHECK  VALVE  INLET  TO 
3.0  ±0.2  PSIG 

RGURE  II 
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5.2.1  Assemble  Damper  Check  Valve  per  6599762,  i^heet  1,  and 
install  in  teat  fixture  6599855.  Make  connections  per 
Figure  II.  Start  with  all  hand  valves  closed  and  follow 
procedures  of  5.2.2' and  5.2.3. 

5.2.2  Open  hand  valves  V3  and  V..  A  steady  column  of  fluid 
shall  flow  from  the  bleed  tube  at  V,.  Close  hand  valves 
V3  and  Vj. 

5.2.3  Check  that  pressure  source  at  gauge  (l)  is  active.  Open 
hand  valves  and  V^.  Using  a  suitable  container  and 
timing  device,  measure  leakage  flow  from  bleed  tube  at 
V4.  This  flow  shall  not  exceed  5.0  cc/min.  Close  V.  and 

^4- 

5.2.4  Remove  tested  Damper  Check  Valve  parts  from  fixture  block 
for  installation  into  ISU  assembly. 

5.3  EroQg  Teat, -r-,SBr, lag 

5.3.1  Complete  assembly  of  ISU  per  6599762.  Partially  fill  the 
spring  chamber  volume  with  240u  cc  of  Mobil  423  hydraulic 
oil  and  seal  it.  Partially  fill  the  ISU  crankcase  volume 
with  1250  cc  of  Mobil  423  hydraulic  oil  and  seal  it. 
Mount  the  ISU  on  the  test  stand.  Complete  the  load  drive 
and  instrumentation  attachments. 

5.3.2  Apply  gradually  increasing  load  to  the  ISU  wheel  spindle 
in  the  jounce  direction.  Monitor  the  resulting  pressure 
in  the  ISU  spring  chamber.  Increase  the  external  load  to 
bring  the  spring  chamber  pressure  to  18,000  psig.  Hold 
this  condition  for  five  minutes.  There  shall  be  no 
evidence  of  distress  of  ISU  parts  or  external  leakage 
from  the  test  unit.  Return  the  external  load  to  zero. 

5.4  Soring  Curve 

NOTEi  ISUs  to  be  applied  to  rear  stations  3  through  6  of 
the  vehicle  use  a  ”stiffer'*  spring  than  those  of  the 
forward  stations  to  minimize  the  effects  of  cargo  load 
and  temperature  upon  vehicle  height.  The  units  differ 
only  in  the  amount  of  fluid  used  in  the  spring  volume  and 
are  otherwise  identical  in  physical  assembly  detail. 
Where  the  spring  variation  affects  numerical 
characteristics  in  the  section  which  follows,  these 
differences  are  reflected  in  Table  I. 
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5.4.1 


Using  the  load  stand  drive  device,  position  the  ISU  wheel 
spindle  at  Its  static  position  (9.38  Inches  below  the 
crankcase  centerline  to  within  0.02  Inches) .  Charge  the 
crankcase  chamber  volume  with  dry  nitrogen  at  a  pressure 
of  80  ±10  pslg.  Reduce  the  quantity  of  fluid  In  the 
spring  chamber  to  (A)  cc  (see  Table  I) .  Then  charge  the 
spring  chamber  volume  with  dry  nitrogen  at  a  pressure  of 
(B)  pslg.  Make  sure  to  allow  time  for  the  gas  pressure 
to  become  stable. 


5.4.2 


5.4.3 


TABLE  I. 


Forward  isus 


Rear  ISUs 


CHARACTERISTICS 

VALUE/UNITS 

(A) 

1,650 

±10  cc 

(B) 

3,100 

±20  pslg 

(C) 

5,780 

±60  pslg 

(A) 

1,950 

±10  cc 

(B) 

1,500 

±15  pslg 

(C) 

3,880 

±40  pslg 

ISU  spindle  to  +11.0 

±0.02  Inches.  After 

sufficient  time  to  stabilize  (typically  several  minutes) , 
the  spring  pressure  shall  be  (C)  psi.  If  too  low,  add 
fluid  to  or.  If  too  high,  remove  fluid  from  the  spring 
chamber  after  removing  the  gas  charge  from  the  chamber. 
Make  adjustments  as  necessary  until  the  pressure 
specification  Is  met. 


Make  the  required  provisions  In  the  test  equipment  to 
drive  the  ISU  roadarm  on  a  sinusoidal  basis.  Set 
operating  frequency  to  0.3  Hz.  and  peak  amplitudes  to 
11.5  +0.5  inches  and  4.5  +0.5  inches  in  jounce  and 
rebound  directions,  respectively.  Make  a  run  of  one 
complete  cycle  starting  from  the  static  (zero)  position 
and  proceeding  first  toward  jounce.  Plot  the  variable 
pressure  present  In  the  spring  chamber  as  a  function  of 
roadarm  position.  Figures  Ilia  and  mb  show  typical 
spring  pressure  curves  for  forward  and  rear  station  ISUs, 
respectively.  The  plot  for  the  test  ISU  shall  fall 
within  the  limits  depicted  in  Figures  IVa  or  IVb  as 
appropriate. 
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FIG  lllb  SPRING  PRESSURE  /  POSITION 
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Wheel  Spindle  Position  (in. 
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Wheel  Spindle  Position  (inJ 


FIG  IVb  SPRING  PRESSURE  LIMITS 

AAV— 7  ISU  Rear  Stations 
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Wheel  Spindle  Position  (in. 


NOTE!  Proper  operation  of  the  ISU  damper  will  be 
achieved  only  after  oonplete  priming  of  the  damper  pump 
has  been  aooompliehed.  It  auiy;  be  neceeeary  to  operate 
the  ISU  on  a  cyclical  basis  for  a  short  time  to  effect 
complete  evacuation  of  unwanted  air  from  the  pump  circuit 
prior  to  continuing  with  the  performance  testa  which 
follow. 

5.5.1  Drive  the  ISU  roadarm  as  described  in  5.4.3.  Plot  the 
variable  vertical  load  present  at  the  roadarm  wheel 
spindle  as  a  function  of  roadarm  position.  Figures  Va 
and  Vb  show  typical  wheel  spindle  load  curves  for  forward 
and  rear  station  ISUs  respectively.  Proper  damper 
operation  will  be  Indicated  by  the  spread  between 
vertical  wheel  spindle  loads  for  jounce  and  rebound 
directions  of  motion.  The  test  ISU  shall  conform  In  this 
respect  to  the  characteristics  depicted  in  Table  II. 
This  requirement  applies  equally  to  front  and  rear 
station  ISUs. 


TABLE  II. 

WHEEL.  JiElNPLB  PggITIQN 

-4.0  inches 
t3.o  Inches 

•fll.o  Inches 


DirrERENTIAL  .LgAD 

5,000  lbs.  min. 
2,000  lbs.  max. 

5,000  lbs.  min. 


5.5.2  Drive  the  ISU  roadarm  as  described  In  5.4.3  except  that 
the  frequency  of  operation  shall  be  0.1  Hz.  Plot  the 
variable  vertical  load  present  at  the  roadarm  wheel 
spindle  as  a  function  of  roadarm  position.  Figure  Via 
and  Vib  show  typical  wheel  spindle  load  curves  for 
forward  and  rear  station  ISUs  respectively.  No  point  on 
the  load  curve  taken  at  this  frequency  shall  fall  into 
the  negative  load  region  for  either  ISU  configuration. 

5.6  „„Pur,fllailiLy 

5.6.1  Drive  the  ISU  roadarm  using  the  cycle  simulation 
described  in  3.1.8  as  input  to  the  drive  system.  Monitor 
the  temperature  experienced  at  the  lower  edge 
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FIG  Va  WHEEL  LOAD/POSiTION 


»-ocncar^iflin'^ncMr-ocnDor^u3in'4-ncNr-o 

CSJCSjT-r-f-p-r-r-r-T-r-r- 


(apuDanoMi) 

(•aqi)  pDO-|  aipuids  |eaL|A^ 


Drawing  No.  6399851) 


FIG  Vb  WHEEL  LOAD/POSITION 
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Wheel  Spindle  Portion  (in. 


of  the  torque  cover  face.  Do  not  allow  this  temperature 
to  exceed  160 ‘F  and,  to  this  end,  use  as  required  the  air 
flow  of  a  large  fan  directed  across  the  face  of  the  ISU 
to  maintain  this  condition,  operate  the  ISU  for  10  hours 
minimum. 

5.6.2  Allow  the  test  ISU  to  cool  to  80  ±10  F.  Check  the  gas 
pressure  in  the  spring  volume.  This  pressure  shall  not 
be  less  than  90%  of  its  Initial  value  (this  much  "loss" 
due  to  gas  entrainment  in  the  fluid  is  typical).  Check 
the  gas  pressure  in  the  ISU  crankcase.  It  shall  be 
within  ±15%  of  its  Initial  nominal  value. 

5.6.3  Repeat  the  teats  of  5.5.1  and  5.5.2.  The  ISU  shall  meet 
the  requirements  of  those  tests  as  before. 


Drawing  No.  6999850 


C-19 


APPBNDIX  D 

SPRXMa  AND  DAMPBR  CURVES 
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APPENDIX  B 

VEHICLE  CO  CALCULATIONS 


E-1 


LVPT-7  Canter  of  Gravity  Calculations 


■TA 

100 


F.  -  8,524 
F,  -  9,998 
F-  -  9,932 
Fp  -  9,776 


F^  o  38,230  pounds  total  vshiols  weight  (with  fuel  tank  near 
empty) 

X  -  (167.7  -  91.2)  -  76.5  inches 
(F^  +  Fp)  (Y)  -  (Fg  +  Fg)  (76.5  -  Y) 

Substituting, 

18,456(Y)  -  19,774(76.5  -  Y) 

38,230(Y)  -  1,512,711 
Y  -  39.6 

H  -  (216.5  -  167.7)  -  48.8 

CG  Location  »  48.8  +  39.6  -  88.4  or  Station  188 . 4  inches 

longitudinal 

(Fg  +  Fg)  (Z)  -  (F^  +  Fg)  (108  -  Z) 

Substituting, 

19,708(Z)  »  18,522(108  -  Z) 

38,230(Z)  -  2,000,376 
Z  »  52.3 

J,  then,  »  54.  -  Z  “  1.7  inches  to  port  of  centerline 
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STATEMENT  QT  WQRK 


SCOPE  or  irroRT 

The  contractor  will  be  responsible  for  all  manpower,  services, 
and  supplies  to  securely  Install  steel  ballast  plates  In  a  USMC 
Assault  Amphibian  Vehicle.  Nine  (9)  plates,  each  with  dimensions 
of  36"  W  X  72"  L  X  2"  H  (total  weight  of  approximately  14,000 
pounds)  will  be  provided  by  the  Government  at  time  of  purchase 
award . 

The  steel  ballast  plates  shall  rest  In  a  contractor  fabricated 
cradle/basket  resting  on  the  floor  plates  or  floor  support 
beams/ stringer  of  the  vehicle.  The  cradle  shall  be  secured  to  four 
corners  of  the  troop  compartment.  The  ballast  plates  and  cradle, 
when  secured,  shall  be  capable  of  sustaining  3g  loading  In  any 
direction  without  moving  or  causing  damage  to  the  vehicle  or 
supporting  structure.  Vehicle  systems  or  components  may  not  be 
moved  or  altered  for  this  Installation.  The  contractor  shall 
determine  floor  loading  criteria  and  limits  so  as  not  to  damage  or 
overload  the  floor  structure.  The  ballast  plates  may  be  secured  to 
one  another,  but  must  be  removable  through  the  60"  x  108"  cargo 
hatch  opening  In  Increments  or  sections  that  do  not  weigh  more  than 
5000  pounds  each  (to  be  llftable  by  crane) .  The  ballast  plates 
shall  be  modified  by  the  contractor  so  that  they  are  equipped  with 
lifting  points  or  attachment  hardware  to  facilitate  lifting.  The 
ballast  weight  shall  be  centered  at  a  point  **>  Inches  aft  of  the 
vehicle  sprocket  centerline  and  along  the  vehicle  fore-aft 
centerline.  Vertical  position  need  not  be  considered. 

The  contractor  will  be  responsible  for  transportation  of  the 
Government  test  vehicle  from  its  current  location  (Warren, 
Michigan)  to  the  contractor's  facility  for  ballasting,  and  back. 
While  the  vehicle  Is  In  the  contractor's  facility,  the  contractor 
will  be  responsible  for  all  maintenance  and  operation  of  the 
vehicle,  including  driving  the  vehicle  on  and  off  the  delivery 
truck.  The  contractor  will  be  responsible  for  showing  proof  that 
qualified  drivers  will  be  used  when  driving  the  test  vehicle. 

These  services  shall  be  performed  within  30  days  of  purchase 
order  award.  A  pre-lnspectlon  of  the  vehicle  Is  not  possible. 
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ABSORBED  POWER  METER 
by  A.  Wroble  14  Sept,  1989 


DESCRIPTION 

The  absorbed  power  meter  consists  of  an  aooelerometer,  main 
processor  unit,  a  remote  meter  panel  with  start-stop  switch,  and 
associated  cables.  The  unit  provides  the  capability  of  reading: 
(1)  the  time  duration  (up  to  120  seconds)  between  a  start  and  stop 
signal  of  a  run,  (2)  the  peak  Instantaneous  acceleration  In  gravity 
units  during  that  run  (up  to  12  O' s),  (3)  the  accumulated  absorbed 
energy  (up  to  1200  watt-seconds  In  the  XIO  position)  during  that 
run.  The  average  absorbed  power  In  watts  Is  calculated  by  dividing 
the  accumulated  energy  In  watt-seconds  by  the  run  duration  In 
seconds . 

In  addition,  the  Instrument  provides  analog  voltage  Input  and 
outputs  for  external  recording  devices.  The  analog  output  signals 
available  are  the  Instantaneous  acceleration  in  gravity  units  or 
foot  per  second-squared  units,  and  the  Instantaneous  absorbed  power 
In  watts.  A  properly  scaled  analog  recording  of  Instantaneous 
acceleration  can  be  fed  Into  the  Instrument  to  determine  the 
average  absorbed  power  during  any  selected  time  segment  of  the 
recording. 

OPERATION 

The  Instrument  requires  nominal  military  vehicle  power  of  18-30 
volts  DC  at  approximately  200  mllllamperes.  The  unit  Is  current 
protected  with  a  1/2  ampere  fast  blow  SB  fuse  and  voltage  protected 
against  application  of  reverse  polarity. 

power  Is  applied  to  the  unit  when  the  power  leads  are  connected  and 
Is  verified  by  noting  the  presence  of  digits  and  yellow 
backlighting  on  the  remote  meter.  The  red  power  lead  must  be 
connected  to  positive  battery  voltage,  and  the  black  power  lead 
must  be  connected  to  negative  battery  voltage,  which  Is  assumed  to 
be  vehicle  ground. 

CAUTION:  This  unit  should  not  be  used  on  a  vehicle  with  the 

positive  battery  terminal  connected  to  ground,  unless  special 
provisions  are  made  to  Insulate  all  elements  of  the  Instrument  from 
vehicle  ground. 

It  Is  necessary  to  place  a  jumper  between  the  RED  banana  jacks 
labelled  ACC  OUT  and  TAPE  IN  on  the  main  panel  for  proper  meter 
operation,  unless  acceleration  data  Is  fed  In  from  an  external 
analog  recorder. 

The  remote  panel  meter  switch  should  be  placed  In  the  TIME 

?08ltlon.  This  Is  done  to  assure  that  the  timer  Is  stopped.  If  It 
s  running,  the  operator  should  quickly  depress  and  release  the 
START-STOP  button  to  stop  the  timer.  Then  the  operator  should  set 
the  main  unit  range  switch  in  the  XI  position  for 
smooth  to  moderate  terrain,  or  In  the  XIO  position  for  rough 
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tarraln.  Changing  tha  ranga  switch  during  or  aftar  the  maasuretnent 
run  Invalldatas  tha  run  data  because  It  controls  tha  rata  of  the 
energy  averaging  process  and  not  the  meter  scale  factor.  The  range 
switch  affects  only  the  scale  factor  of  the  energy  and  power  units; 
WATT-SEC  and  ABRB  PWR  OUT.  and  not  the  TIME  or  PEAK  ACCEL  readings. 
In  the  XI  position  the  unit  reads  directly  In  watt-seconds.  In  the 
XlO  position  the  scale  reading  must  be  multiplied  by  10  to  obtain 
the  correct  total  energy  reading.  For  example,  a  meter  reading  of 
098.3  watt-aeoonds  with  the  range  switch  In  the  XlO  position  should 
be  interpreted  as  a  value  of  983.0  watt-seconds.  Just  prior  to  the 
start  of  the  run,  the  RESET  button  on  the  remote  panel  meter  should 
be  depressed  and  held  for  about  one  second  to  Insure  complete  reset 
of  all  the  functions.  Subsequently,  on  any  of  the  functions,  a 
stationary  reading  of  ±0.1  at  the  start  is  considered  acceptable. 

The  operator  determines  the  start  of  the  run  by  quickly  depressing 
and  releasing  the  hand  held  START-STOP  button.  This  starts  the 
timer,  the  peak  acceleration  acquisition,  and  the  energy 
accumulation  process.  The  three  position  meter  switch  can  sslsct 
PEAK  ACCEL  or  TIME  or  WATT-SEC.  If  the  meter  is  in  the  TIME 
position  during  the  run,  the  operator  can  choose  to  stop  the  run 
based  on  the  timer  reading.  The  run  is  tsxminated  when  the 
operator  quickly  depresses  and  releases  the  START-STOP  button 
again.  It  is  recommended  that  the  three  readings  be  taken  and 
recorded  together  with  the  range  switch  position  within  one  minute 
after  the  completion  of  the  run.  Since  the  readings  are  held  in 
analog  form,  a  small  amount  of  drift  Is  Inevitable. 

In  the  TIME  position,  the  meter  reads  In  seconds  and  tenths  of 
seconds  up  to  a  maximum  of  120. o  seconds.  in  the  PEAK  ACCEL 
position  the  meter  reads  In  O's  and  tenths  of  O's  up  to  a  maximum 
of  12.0  Q's.  In  the  WATT-SEC  position  with  the  range  switch  (on  the 
main  unit)  set  at  the  XI  position,  the  meter  reads  In  watt-seconds 
and  tenths  of  watt-seconds  to  a  maximum  of  120.0  watt-seconds. 
With  the  range  switch  in  the  XlO  position,  the  meter  reads  In  units 
of ,  t'-^n  watt-seconds  to  a  maximum  of  1200  watt-seconds.  For 
example,  a  reading  of  107.5  represents  1075  watt-seconds.  The 
meter  may  Indicate  readings  higher  than  the  above  maximum  values, 
but  those  values  are  close  to  meter  saturation  and  should  not  bo 
trusted.  It  would  be  better  to  suitably  modify  the  run  and  retake 
the  data.  Once  the  data  has  been  noted  or  recorded,  the  operator 
may  reset  the  Instrument  by  depressing  the  RESET  button  to  clear 
the  meter. 

The  average  absorbed  power  In  watts  Is  calculated  by  dividing  the 
accumulated  energy  In  watt-seconds  (determined  from  the  meter 
reading  and  the  range  switch)  by  the  run  time  In  seconds. 


ADDITIONAL  FUNCTIONS 

The  ACC  OUT  (acceleromster  output)  banana  jack  pair  provides  a  zero 
based,  bipolar,  analog  voltage  output  scaled  at  1.0  G  per  volt. 
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with  an  upward  aooalaratlon  raprajentad  by  a  posltlva  voltaga  on 
the  rad  jack  with  raspaot  to  tha  groundad  black  jack.  Thla  signal 
can  by  raoordad  during  a  run  and  played  back  for  analysis  at  a 
latar  time.  If  tha  oonnaotlon  batwaan  tna  ACC  OUT  and  TAPS  IN  is 
malntalnad,  this  signal  can  ba  raoordad  during  a  normal  naasuramant 
run.  Tha  output  llnlta  ara  ±12  Q's  or  volts.  ‘  Tha  load  Impadanoa 
should  not  ba  lass  than  5000  ohms. 

Tha  TAPS  IN  (analog  aooalaratlon  signal)  banana  jack  pair  provldas 
a  mathod  to  datamlns  tha  instantansoua  and  avsraga  absorbad  powar 
for  any  sagmant  of  pra-raoordad  aooalaratlon  data.  Tha  raoording 
madium  la  asauinad  to  ba  taps,  but  any  nadlum  Inoludlng  digital  oan 
by  usad  so  long  as  tha  raaulting  signal  is  oonvartad  to  analog 
form,  has  th*  propar  soala  faotor,  and  oontains  tha  original 
fraquanoy  information  from  0.1  to  SO  Karts.  Tha  soala  faotor, 
polarity,  and  limits  ara  tha  sama  as  thoaa  of  tha  ACC  OUT. 

In  ordar  to  usa  this  input,  tha  shorting  jumpar  batwaan  ACC  OUT  and 
TAPS  IN  must  ba  ramovad.  A  proparly  soalad  analog  aooalaratlon 
signal  from  a  data  raoordar  must  ba  oonnaotad  to  TAPE  IN  tarminala, 

?  round  to  black  and  signal  output  to  rad.  NOTBt  All  black  banana 
aoks  ara  tiad  togathar  and  oonnaotad  to  tha  Instrumant  oaaa 

I  round,  which  is  normally  oonnaotad  to  vahiola  ground.  Oparation 
n  this  mods  proosads  tha  aama  as  an  actual  rum  Maks  sura  tha 
timar  is  not  running;  RESET  to  start  tha  maaauramant  whan  dasirad; 
praas  tha  START-STOP  button  again  to  stop  tha  run;  nota  and  raoord 
tha  thraa  raadinga  and  tha  ranga  awitoh  aatting;  stop  tha  playback 
davioa;  oaloulata  tha  avaraga  absorbad  powar. 

Tha  FIL  ACC  OUT  (flltarad  aooalaratlon  output)  banana  jack  pair  is 
providad  for  uas  with  a  visual  raoording  davioa  such  as  a  strip 
chart  raoordar  or  osoillosoopa.  Tha  FIL  ACC  OUT  signal  ia  tha 
aooalaromatar  signal  raaoalad  to  fast  par  saoond  squarad  and 
flltarad  to  ramova  fraquancias  abova  360  Harts.  Tha  soala  faotor 
is  10  faat-par-sacond-squarad/volt  and  tha  output  limits  ara  ±120 
faat-par-aacond-'sqnaarad  or  ±12  volts.  Tha  load  impadanoa  on  this 
output  should  not  ba  lass  than  5000  ohms. 

Tha  ABRB  PWR  OUT  (absorbad  powar  output)  banana  jack  pair  is  also 
providad  for  usa  with  a  visual  raoording  davioa.  This  signal  Is  a 
maasura  of  tha  Instantansoua  absorbad  powar  bafora  tha  mathamatloal 
avsraglng  procasa.  Tha  seals  faotor  of  this  signal  la  0.1 
watt/volt  with  tha  ranga  switch  in  tha  XI  position  and  1.0 
watt/volt  with  ranga  awitoh  In  tha  XIO  position.  In  althar  casa, 
tha  output  limit  ia  12  volts.  The  load  impedance  on  thla  output 
should  not  ba  lass  than  5000  ohms. 


Thara  ara  a  total  of  sight  calibration  adjustmants  In  this 
instrumant.  Thay  ara  all  aooassibla  from  tha  front  panel.  These 
adjustmants  oan  ba  divided  Into  two  oatagorlas;  routine  calibration 
and  component  raplacemant  calibration.  Routine  calibration  should 


be  performed  on  the  following:  ACCEL  OFFSET  and  GAIN,  SQR  OFFSET, 
WATT-SEC  OFFSET,  TIME  OFFSET,  and  TIME  CAL.  Component  replacement 
calibration  includes  routine  calibration  plus  the  adjustment  of  XI 
CAL  and  WATT-SEC  CAL.  These  repairs  and  adjustnients  should  be  made 
only  be  a  factory  trained  teohnioian.  This  calibration  is 
necessary  only  after  internal  oomponents  have  been  replaced  due  to 
component  failure  or  when  response  to  routine  calibration  is 
improper. 

RQutlnt  Cftl.ihM.Ufln  .Jr Qgidurt 

There  la  oonsiderable  variation  in  scale  factors  and  offsets  among 
the  aooelerometera  used  with  this  instrument.  This  instrument  can 
be  adjusted  to  oompensate  for  these  aooslerometer  variations.  It 
Is  therefore  necessary  to  associate  a  particular  accelerometer  with 
each  instrument,  and  include  that  accelerometer  in  the  routine 
calibration  procedure. 

The  unit  should  be  connected  to  a  24  ±1  volt  DC  power  supply 
with  at  least  a  250  milliampere  capacity. 

All  cables  should  be  properly  connected,  including  the 
accelerometer  and  its  cable. 

The  ACC  OUT  -  TAPE  IN  jumper  should  be  in  place. 

Accel  Gain  and  Accel  Offset: 

Connect  a  DC  multi-voltmeter  with  0.5%  or  better  accuracy 
across  the  FIL  ACC  OUT  terminals. 

Place  the  accelerometer  on  a  firm  surface  to  sense  vertical 
acceleration  in  the  same  direction  as  installed  in  a  vehicle. 

Adjust  ACCEL  OFFSET  Until  the  voltmeter  reads  within  3 
millivolts  of  zero. 

Place  the  accelerometer  so  that  its  sense  axis  is  parallel  to 
the  horizon.  (Lay  it  on  its  side.) 

Adjust  ACCEL  GAIN  until  the  voltmeter  reads  within  15 
millivolts  of  -3.22  volts.  If  the  voltage  is  positive,  the  sense 
axis  of  the  accelerometer  is  reversed.  (Rewire  by  flipping  the 
output  leads  on  the  accalarometer  connector.) 

A  certain  amount  of  interaction  between  the  above  adjustments 
can  be  expected.  Continue  by  alternating  between  the  two 
adjustment  procedures  until  both  conditions  are  met. 

Disconnect  the  multi-voltmeter  from  the  unit. 

Sqr  Offset: 

Connect  a  DC  multi-voltmeter  with  0.5%  or  better  accuracy 
across  the  ABRB  PWR  OUT  terminals. 
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Remova  the  jumper  between  ACC  OUT  and  TAPE  IN  terminals. 

Short  circuit  the  TAPE  IN  terminals  with  the  jumper. 

Adjust  SQR  OFFSET  until  the  voltmeter  reads  within  3 
millivolts  of  zero. 

Disconneot  the  multi-voltmeter  from  the  unit. 

Watt-Seo  Offset: 

Short  cirouit  the  TAPE  IN  terminals. 

Place  the  Instrument  panel  meter  switch  in  the  TIME  position. 

Press  the  reset  button  to  reset  the  timer. 

If  necessary,  operate  the  START-STOP  button  to  stop  the  timer. 

Move  the  panel  meter  switch  to  the  WATT-SEC  position. 

Adjust  the  WATT-SEC  OFFSET  to  reduce  the  drift  of  the  least 
signifioant  digit  of  the  panel  meter  to  less  than  once  in  ten 
seconds.  It  is  not  necessary  for  the  meter  to  be  reading  zero  for 
this  adjustment.  As  a  final  oheok,  RESET  the  panel  meter,  and  note 
the  time  it  takes  to  register  a  least  signifioant  digit  change.  If 
it  is  less  than  10  seconds,  perform  a  readjustment. 

Time  Offset  and  Time  Cal: 

Place  the  instrument  panel  meter  switch  in  the  TIME  position. 

Press  the  RESET  button  to  reset  the  timer. 

If  necessary,  operate  the  START-STOP  button  to  stop  the  timer. 

Adjust  the  TIME  OFFSET  to  reduce  the  drift  of  the  least 
significant  digit  of  the  panel  meter  to  less  than  once  in  ten 
seconds.  It  is  rot  necessary  for  the  timer  to  be  reading  zero  for 
this  adjustment.  As  a  final  oheok,  RESET  the  panel  meter,  and  note 
the  time  it  takes  to  register  a  least  significant  digit  change.  If 
it  is  less  than  10  seconds,  perform  a  readjustment  of  the  TIME 
OFFSET. 

When  the  offset  adjustment  is  satisfactory,  RESET  the  timer. 

Using  a  stopwatch  or  clock  with  a  sweep  second  hand  as  a 
reference  standard,  operate  the  timer  for  60  seconds  using  the 
START-STOP  switch. 

If  the  timer  reading  differs  from  60.0  seconds  by  more  than 
0.3  seconds,  make  a  one  turn  adjustment  of  TIME  CAL. 

RESET  and  rerun  the  timer  again  for  60  seconds. 
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Note  the  time  difference  that  one  turn  made,  and  make  a 
proportional  corrective  adjustment  of  TIME  CAL. 

Continue  the  above  procedure  until  the  timer  reads  60.0  ±0.3 
seconds. 

This  concludes  the  routine  calibration  procedure. 


After  a  component  is  raplaoed,  the  routine  oalibration  procedure 
must  be  completed  first  before  performing  this  calibration 
procedure . 

XI  Calibration! 

Connect  an  oscillator  operating  at  lO  ±1  Hs  sine  wave  Into  the 
TAPE  IN  terminals. 

Set  unit  range  switch  to  Xio. 

Connect  a  slow  multi-voltmeter  across  ABRB  PWR  OUT  banana 
j  aoks . 

Adjust  the  oscillator  sine  wave  amplitude  for  a  reading  of  0.5 
i.OS  VDC  on  the  10  volt  scale  of  the  multi-voltmeter,  and  note  the 
multi-voltmeter  reading. 

Set  unit  range  svltoh  to  Xl. 

Adjust  XI  CAL  so  that  the  new  meter  reading  is  just  ten  times 
the  noted  previous  reading. 

WATT-SEC  Calibration! 

connect  an  oscillator  operating  at  lO  ±l  Hz  sine  wave  into  the 
TAPE  IN  terminals. 

Set  unit  range  switch  to  XlO. 

Connect  a  slow  multi-voltmeter  across  ABRB  PWR  OUT  banana 
jacks. 

Adjust  the  oscillator  sine  wave  amplitude  for  a  reading  of  0.5 
±.05  VDC  on  the  10  volt  scale  of  the  multi-voltmeter,  and  note  the 
multi-voltmeter  reading. 

Place  the  Instrument  panel  meter  switch  in  the  TIME  position. 

Press  the  RESET  button  to  reset  the  timer. 

If  necessary,  operate  the  START-STOP  button  to  stop  the  timer 
and  RESET  It  to  zero. 
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Operata  tha  tlnar  for  100.0  saconds  using  tha  START-STOP 
switch. 

Mova  tha  panal  matar  switch  to  tha  WATT-SEC  position. 

Tha  WATT-SEC  raading  on  tha  panal  matar  should  be  100  timaa 
tha  raading  in  tha  multi-voltmatar.  For  axainpla,  if  tha  multi- 
voltmeter  reads  0.524,  tha  WATT-SEC  panal  matar  should  read  52.4 
±0.3  units. 

If  tha  panal  mater  reading  differs  from  100  times  tha  multi- 
voltmeter  reading,  make  a  one  turn  adjustment  of  WATT-SEC  CAL. 

Continue  the  above  procedure  until  tha  watt-sao  panal  matar 
reads  100  tl  times  the  reading  on  the  multi-voltmeter. 

This  concludes  tha  total  instrument  calibration  procedure. 
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1.0  -  INTRODUCTION 


1.1  Background: 

Oavelopments  In  advanced  suspension  systems  are  seeking  to  demonstrate  the 
feasibility  of  using  hydropneumatic  suspension  systems  to  provide  improved  ride  quality 
and  load  carrying  capability  In  USMC  amphibian  vehiciea.  In  place  of  the  standard  torsion 
bar  and  shock  absorber  system  of  the  AAV-7A1  Assault  Amphibian  Vehicle,  a  test  vehicle 
has  been  modified  with  an  In-arm,  externally  mounted  hydropneumatic  suspension 
system.  This  system  should  provide  superior  ride  quality,  improved  load  carrying  capacity, 
and  require  less  suspension  system  maintenance. 

Hardware  tested  and  experience  gained  from  this  system  will  be  applicable  to  the 
AAV  family  for  Improved  load  carrying  capability  and  the  Advance  Amphibious  Assault 
(AAA)  program.  This  future  family  of  vehicles  may  require  new  vehicle  systems  currently 
under  development  (including  hydropneumatic  suspension  systems)  to  accomplish  their 
mission. 

This  revision  of  the  test  plan  hes  been  greatly  modified  from  previous  versions  due 
to  redirection  in  test  scops.  The  reader  Is  referred  to  Appendix  B  and  the  listed 
documents  for  technical  discussion  of  the  hardware. 


1.2  Purpose: 

The  purpose  of  this  document  Is  to  provide  a  test  plan  for  testing  of  a  modified 
Assault  Amphibian  Vehicle  (prototype  LVTPX-12-10  chassis)  with  an  ln*arm 
hydropneumatio  suspension  system.  This  program  of  hardware  development  and  testing 
is  in  support  of  the  AAV-7A1  Product  Improvement  Program,  sponsored  by  the  Program 
Manager  •  AAA  (DRPM  AAA)  and  managed  by  the  Marine  Corps  Programs  Office  of  the 
David  Taylor  Research  Center  (Code  1240). 


1 .3  Program  Office  Representative: 

Any  questions  or  concerns  with  this  test  plan  should  be  directed  to  the  following 
persons: 

Mr.  Michael  Gallagher 
David  Taylor  Research  Center 
Code  1240 

Bethesda,  Maryland  20084-5000 

Phone:  Autovon  287-1852 

Commercial  (301)  227-1852 
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2.0  -  TEST  PROGRAM 


2.1  TMt  Objtotlvt: 

The  objective  of  testing  wiii  be  to  eocumuiete  up  to  6CXX3  miies  of  operation  (one 
ilfe  oyoie)  on  the  suspension  system.  The  vehioie  shaii  be  operated  through  a  normal 
vehicle  profile  (20%  Water  Operation.  80%  Land  Operation).  After  this  time,  a 
determination  will  be  made  to  continue  testing,  or  to  remove  the  suspension  units  for 
teardown  Inspection  and/or  refurbishment 

The  primary  objective  Is  to  operate  the  vehicle  In  a  real  world  environment  to 
assess  the  suspension  systems  operability  and  maintainability.  It  is  requested  that  the 
vehicle  be  operated  500-600  miles  per  month. 

The  secondary  test  objective  is  to  establish  the  performance  capabilities  of  this 
system,  to  allow  the  Marine  Corps  to  make  an  acquisition  decision  on  whether  further 
development  and  acquisition  Is  warranted. 


2.2  ScopaofTast: 

The  AAV/H8S  tests  will  be  conducted  at  the  Amphibian  Vehicle  Test  Branch 
(AVTB),  Camp  Pendleton,  California,  by  AVTB  personnel  (or  at  other  facilities  and/or 
personnel  contracted  by  AVTB).  Spare  parts  unique  to  the  suspension  system  and  the 
vehicle  installation  will  be  provided  with  the  test  vehicle.  Any  maintenance  that  will  require 
disassembly  of  the  suspension  unit  will  be  provided  by  the  contractor  at  his  facility.  With 
the  delivery  of  the  test  vehicle  will  be  two  spare  suspension  units  (one  port,  one 
starboard).  Damaged  suspension  units,  or  units  In  need  of  repair,  shall  be  shipped  to  the 
contractor  for  rework. 

Vehicle  operation  is  to  occur  on  both  land  (over  various  terrains)  and  In  the  water. 
AVTB  will  be  responsible  for  structuring  of  tests  and  determination  of  how  each  test 
should  be  conducted.  AVTB  will  be  responsible  for  utilizing  applicable  test  procedures 
from  previous  or  similar  testing  and  for  developing  any  new  test  plans  and  procedures. 
For  any  outside  facilities  required,  AVTB  shall  be  responsible  for  arranging  and  scheduling 
their  use.  Baseline  testing  shall  be  performed  under  all  climatic  conditions  and  varied 
terrains  to  the  maximum  extent  possible. 

For  tests  that  involve  comparative  analysis  with  the  baseline  AAV7A1 ,  test  criteria 
will  be  performed  for  both  the  test  vehicle  and  a  baseline  vehicle.  In  the  event  a  baseline 
AAV7A1  has  performed  and  documented  the  same  type  test  (at  equivalent  configuration), 
the  test  does  not  need  to  be  repeated  for  that  vehicle. 
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2.3  T«8t  Phasta: 


Testing  for  the  vehicle  should  include  a  training  and  familiarization  phase  for  the 
crews  prior  to  the  operational  phase.  There  Is  no  prescribed  characterization  testing  or 
system  tuning  for  this  vehicle  u  called  for  under  this  test  plan.  Allotted  time  for  all  testing 
at  AVTB  Is  approximately  one  year.  Additional  durability  tasting  may  be  run  afterwards, 
with  that  determination  based  on  Initial  test  results. 

The  following  types  of  testing  are  to  be  conducted  and  test  data  aooumulatsd  on 
the  AAV/HSS  by  AVTB: 

-  Rida  Quality 

-  Crocs  Country  Test  Course 

•  Amphibious  Compatibility 

•  Vehicle  Handling  Comparison 

•  Baseline  Vehicle  Requirements 

-  Design  Requirements 

-  RAM-0  Tests  (500  miles) 

-  Towing  Test 


2.4  Sohadula: 

This  test  plan  Is  appilcsbie  to  the  performance  testing  and  operational  running  of 
the  AAV/HSS  for  approximately  one  year.  Following  this,  testing  may  be  extended  for 
one  additional  year  for  additional  durability  testing. 

On-site  contractor  support  will  be  provided  during  Initial  operation  of  the 
vehicle/suspension  system,  and  as  an  on-call  basis  during  the  period  of  testing.  No 
additional  training  requirements  are  anticipated  for  this  system. 

As  a  result  of  the  July-August  Test  Planning  Meeting  at  AVTB,  the  following 
prioritization  and  scheduling  of  testing  (subject  to  test  range  and  test  hardware  availability) 
shall  be  conducted: 


AAV/HSS  Test  Schedule 


Phase  la  ■  AVTB  Taatlna  (1  Aug  - 18  Aug  1990) 


Ride  Quality 

Cross  Country  Teat  Course 
Vehloie  Handling  coniparison 
Baseline  Vehicle  Requirements 
Design  Requirements 
RAM-D  Testa  (500  miles) 


Test  3.3.1 

Test  3.3.2 

Test  3.3.4 

Test  3.3.5  (a,b,s,f) 

Test  3.3.6  (s,b,c,d,s) 

Test  3.3.7 


Phaae  lb j., Mot  Weathar  Taalicg  (i9  Aug  - 1  sept  i980) 


Ride  Quality 

Cross  Country  Test  Course 
Vehicle  Handling  Comparison 
Baseline  Vehicle  Requirements 
Design  Requirements 
RAM'D  Tests  (500  miles) 


Test  3.3.1 

Test  3.3.2 

Test  3.3.4 

Test  3.3.5  (s.b.e.f) 

Test  3.3.6  (a,b,c,d,e) 

Test  3.3.7 


Phase  le_._ AVTB  Tasting  (8  Sept  •  15  Nov  1990) 

Amphibious  Compatibility  Test  3.3.3  (no  surf) 

Design  Requirements  Test  3.3.6 

RAM<D  Tests  (1000  miles)  Test  3.3.7 

Towing  Test  Test  3.3,8 


Phase  Id  •  Mud/Clav  Testing  (15-30  Nov  1990} 


Cross  Country  Test  Course 

Test 

3.3.2 

Vehicle  Handling  Comparison 

Test 

3.3.4 

Baseline  Vehicle  Requirements 

Test 

3.3.5 

Design  Requirements 

Test 

3.3.6 

RAM-D  Tests  (500  miles) 

Test 

3.3.7 

Towing  Test 

Test 

3.3.8 

Stop  Testing  (1  •  30  Deo  1990) 
Install  new  dust  seals  at  CQT 

I 
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AAV/HSS  Test  Schedule 
(continued) 


Phaaa  la  .  Hlqih  Surf  Taating  (1  •  30  Jan  1991) 


Amphibious  Compatibility 

Teat  3.3.3  (surf  ops) 

Phase  If  •  Gold  Weather  Teetlno  f1  •  SB  Feb  19911 

Ride  Quality  , 

Teat  3.3.1 

Crosa  Country  Teat  Course 

Teat  3.3.2 

Vehicle  Handling  Comparison 

Teat  3.3.4 

Basaline  Vehicle  Requirements 

Teat  3.3.5  (a,b,d,e) 

Design  Requirements 

Teat  3.3.6  (a,b,c,d,e) 

RAM-D  Testa  (600  miles) 

Test  3.3.7 

Ehaaa.  la,:.,blflt:millflfltlng  (1  -  3i  Mar 

1991) 

RAM-D  Testa  (3000  mile  mark) 

Test  3.3.7 

Complete  any  other  teste 

lisue  Interim  Report  due  31  March  1991 


Phase  II  -  Normal  Teatlng  (1  Apr  1990  •  ?7?) 

Design  Requirements  Test  3.3.6 

RAM-D  Tests  (6000  mile  mark)  Test  3.3.7 


2.5  Limited  Technical  Inspection  and  Configuration  of  Vehicle: 

Upon  the  vehicle's  arrival  at  AVTB,  It  is  requested  that  a  Umited  Technical 
Inspection  be  performed  to  validate  that  the  vehicle  engine/transmission/drivetrain 
systems  are  capable  of  performing  at  their  rated  levels.  Any  corrective  maintenance  to 
the  vehicle  should  be  performed  prior  to  commencement  of  testing,  In  addition  to  EAAK 
be  added  to  the  vehlole.  AVTB  is  to  then  weigh  and  determine  LCG  for  the  vehicle.  The 
suspension  contractor  will  then  provide  new  pressure  settings  for  the  suspension  units. 

As  part  of  the  LTI,  It  Is  requested  that  Inspection  of  the  return  roller  assemblies  be 
conducted,  including  disassembly  and  Inspection  of  bearing,  seals,  etc.  Inspection 
procedures,  and  determination  of  replacement  of  parts  should  be  in  accordance  with 
Bradley  IFV  procedures.  At  this  time,  15-40W  oil  should  be  used  for  oil  cavity  re-flll  in  the 
support  rollers. 
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3.0  -  TEST  ADMINISTRATION 


3.1  Test  Constraints: 

Thii  vahlols  ihali  bs  oparated  In  a  mannar  oonalatant  with  tha  safe  oparatlng 
practical  tor  all  AVTB  trackad  vahiclai.  Safaty  guidallnaa  will  ba  thosa  istabllshad  by 
Chlaf-AVTB.  It  la  at  tha  diaoratlon  of  AVTB  to  recommand  that  tha  baiallna/cf  iasa  vahicia 
to  ba  uiad  ba  outfittad  with  naw  auspinalon  componanta  (at  AVTB'i  dlacratlon)  prior  to 
taating  lo  aa  not  to  blu  taat  raaults. 


3.2  Training  and  Familiarization  of  Personnel: 


Through  prior  operation  and  taating  of  tha  LVTPX-12  with  tha  naw  luapanslon 
ayatam,  no  additional  familiarization  and  training  ahall  ba  required. 


3.3  Detailed  Test  Requirements: 

.u  .  taating  are  to  ba  conducted  and  taat  data  accumulated  on 

tha  AAV/HSS  at  AVTB: 

-  Rida  Quality 

-  Croaa  Country  Taat  Couraa 

-  Amphibloua  Compatibility 

-  Vehicle  Handling  Comparlaon 

•  Baaallna  Vehicle  Raquiramanta 

-  Oaaign  Raquiramanta 

•  RAM-D  Teata  (500  milea) 

•  Towing  Taat 


Each  of  thaaa  teata  will  ba  diacuaaad  In  further  detail  In  tha  following  aactlona. 
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3.3.1  Rldt  Quality 
Baokground 

Ttia  ability  of  a  traoked  combat  vahlola  to  tranalt  oroaa  country  terrain 
without  dagradlng  ambarkad  troop  parformanoa  la  paramount  to  tha  mobility  and 
aurvivabllity  of  tha  PMP. 


Purpoaa 

Taating  of  thia  ayatam  paramatar  ahall  provida  a  quantification  of  tha  rida 
quality  that  thia  ayatam  poaaaaa  varaua  a  convantional  AAV  with  a  torsion 
bar/ahook  abaorbar  auapanslon  ayatam. 


Mathod 

A  tast  matrix  should  ba  aatabllahad  to  maasura  Input  Powar  Lavals  takan 
for  tha  following  variations  In  vahlola  configuration: 

a.  Maaaursmsnts  takan  on  tha  modifiad  AAV/HSS  varaua  baaellna  AAV7A1 

b.  Maaauramanta  takan  at  Troop  Compartmant  floor  and  Drivar'a  Poaltlon 
0.  Maaauramanta  for  vahlola  walght  oonditlona  A  &  B 

(diaouasion  of  walght  oonditlona  la  prasantad  In  Appendix  A) 

Over  a  aat  terrain  profile  to  ba  aatabllahad  at  AVTB,  tha  different  tast 
configurations  will  ba  run  with  tha  dual  aooelaromatar  data  being  recorded  of  Input 
puwtir  lavala.  Tha  vahiclea  shall  enter  and  maintain  pra-detarmlned  apaeds  In  the 
teat  profile.  Each  tast  duration  shall  ba  of  2  minutes  or  leas. 


Data  to  ba  Reported 

Test  Instrumentation  will  ba  tha  responsibility  of  AVTB,  prepared  and 
operated,  and  data  reduction  performed  In  aooordanoa  with  standard  prooadurea 
followed  by  tha  US  ARMY  for  ride  data.  Gathered  data  shall  compare  rIda  quality 
of  tha  modified  vehicle  versus  tha  baseline  vehicle  (at  different  weight  conditions) 
and  shall  be  analyzed  pursuant  to  MIL'STD*1472B  for  vibration  levels  and  Army 
ride  criteria  for  power  absorption.  Additional  Information  on  this  test 
Instrumentation  Is  provided  In  Appendix  B. 
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3.3.2  Cross  Country  Tsst  Courss  Trsnsit  Tims 


Bsokground 

Ths  survivability  and  mobility  of  a  tracked  combat  vehicis  is  dependent  on 
Its  ability  to  transit  cross  country  terrain  In  ths  shortest  possible  time,  within  ths 
human  and  vshicls  limits  of  absorbing  terrain  Induced  loads. 


Purpose 

This  tsst  shall  provide  date  on  ths  time  required  and  comparability  of 
different  suspension  equipped  vehicles  to  transit  cross  country  terrain,  allowing  the 
vehicle  driver's  endurance  end  tolerence  limits  to  dictate  speed  and  time  required 
for  transitting  the  course. 


Method 

The  modified  and  baseline  vehicles  shall  be  operated  over  a  cross  country 
tsst  course  established  at  AVTB.  Minimum  time  required  to  transit  the  course  shall 
be  recorded  for  each  vehicle.  Interim  times  shall  be  measured  through  sections  of 
the  course  dependent  on  terrain  to  be  crossed  (sandy,  hill  ollmb/deiosnd, 
washboard,  etc.). 

Two  vshiolas  shall  be  used;  a  baseline  AAV  (with  no  other  suspension  test 
components)  end  the  AAV/H88.  Two  vehicle  crews  (total  for  four  different  drivers) 
shall  be  utilized,  taking  turns  driving  each  vehicle,  twice  In  each  direction,  through 
the  test  course.  The  drivers  shall  operate  the  vehicles  at  safest  maximum  possible 

speed. 


Tests  should  be  conducted  for  weight  conditions  A  &  B. 
No  other  test  Instrumentation  Is  required. 


Data  to  be  reported 

Times  required  for  course  completion. 
Interim  times  for  sections  of  the  course. 
Description  of  test  course. 


8 


3.3.3  Amphibious  Compatibliity 
Background 

Poroa  projactlon  and  amphibious  daploymants  ara  required  attributes  for 
USMC  tracked  amphibious  vehlolas.  All  systams  utilized  on  this  type  vehicle  must 
be  compatible  with  amphibious  shipping  and  surf  operations. 

Purpose 

The  ability  to  embark  and  disembark  amphibious  shipping  shall  be 
demonstrated  to  validate  compatibility  with  normal  vahlela  operations.  Secondly, 
the  vehicle  must  able  to  oparata  within  and  transit  the  surf  zone. 

Method 

In  conjunction  with  other  AAV  amphibious  ship  operations,  the  AAV/HSS 
shall  embark  and  disembark  amphibious  ships  when  the  opportunity  la  made 
available. 

The  vehicle  shall  be  tested  at  weight  Conditions  A  and  B.  Weight  condition 
A  Is  the  first  test  priority. 

It  shall  be  attempted  to  embark  and  disembark  the  ship  at  each  weight 
condition  three  times. 

The  vehicle  shall  be  operated,  parked  and  secured  In  different  ship  areas 
to  evaluate  compatibility  and  safety  concerns,  including  "dogging  down"  of  vehicles 
for  the  duration  of  a  Fire  Watch  period. 

The  vehicle  shall  be  water  towed  and  recovered  (with  track  intact)  onto 
amphibious  shipping. 

The  vehicle  should  be  operated  In  the  surf  zone  (to  safe  and  maximum 
extent  possible,  high  surf  desired)  In  conjunction  and  commensurate  with  other 
AAV  surf  operations. 

Date  to  be  reported 

Video  documentation  of  amphibious  event  (launch,  recover,  etc.). 

Recording  of  number  of  attempts  and  successful  missions. 

Comments  on  any  problems  encountered  boarding,  launching,  or  while  on 
ship.  Comments  on  surf  operation  and  handling. 

Record  environmental  conditions  (Including  well  deck  data), 
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.4  Vthiela  Handling  Comparison  Toats 
Background 

Ail  changaa  and  Improvomonts  to  tho  AAV  family  must  be  done  so  without 
•acrlflolng  or  degrading  current  vehicle  performance. 

Purpose 

Comparative  testing  of  the  operation  and  handling  qualities  of  this  modified 
vehicle  versus  a  standard  AAV  shall  be  performed.  Meaaurements  required  will  be 
qualitative  and  quantitative.  ^ 

Method 

The  following  testa  shall  bo  performed  with  the  vehicle  In  weight  condition 
A  and  video  coverage  shall  document  vehicle  operations: 

(1)  Aooalerate  the  vehicle  from  0*30  mph  on  a  hard  surface 

(2)  Decelerate  the  vehicle,  In  a  panic  atop  mode,  from  30  mph  to  a  stop 
on  a  hard  surface 

(3)  Operate  the  vehicle  through  a  slalom  oourse  that  provides  0.3g,  O.Sg, 
and  0.7g  turns  at  10, 20.  and  30  mph  on  a  packed  dirt/hard  surface 

(4)  Operate  the  vehicle  In  the  boat  basin  adjacent  to  AVTB  and  In  the 
surf  zone  of  Camp  Pendleton  beaches  with  waves  up  to  6  feet  high 

All  of  the  above  conditions  shall  be  repeated  at  weight  condition  B. 

Equivalent  testing  shall  be  performed  with  the  baseline  AAV7A1  at 
equivalent  weight  conditions. 

Data  to  be  reported 

Recording  of  time  required  to  accsierate/dscelerate  tho  vehicle  should  be 
performed  with  either  stopwatches  and/or  strip  chart  recorders  attached  to  the 
vehicle  epeedometers.  Any  Instrumentation  required  to  validate  lateral  acceleration 
and  turn  rate  need  not  be  reported,  but  only  used  to  validate  the  tost  parameters. 
Top  vehicle  speed  on  a  hard  surface  and  In  the  water  shall  be  recorded. 

The  only  other  measurements  will  be  video  documentation  of  vehicle 
operation  of  the  modified  AAV  end  baseline  AAV  during  testing.  To  be  watched 
for  are  unsafe  operating  conditions,  or  excessive  pitch  and  roll  movements  during 
the  maneuvers.  Inability  of  either  vehicle  to  safely  perform  the  test  should  be 
documented. 

The  test  condition  of  0.7  g’s  at  10  mph  shall  be  omitted.  Comments  on 
vehicle  testing  and  handling  should  be  recorded. 
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3.3.5  Basalint  Vehicle  Requirements 
Background 

New  Improvements  and  changes  must  not  prevent  the  vehicle  from 
performing  to  to  original  design  specifications. 

This  series  of  testing  will  validate  that  the  AAV/HSS  vehicle  still  meets  the 
baseline  requirements  of  the  AAV7A1.  as  detailed  In  the  Developmental  Tasting  III 
(DT-lll)  Teat  Requirements. 

3.3.5.a  -  Trench  Crossing  Teat 

Purpose 

To  demonstrate  that  the  test  vehicle  can  cross  a  trench  up  to  four  feet  deep 
and  eight  feet  wide. 

Method 

(1)  Place  the  test  vehicle  In  weight  condition  A. 

(2)  Slowly  drive  the  test  vehicle  over  the  required  eight  foot  wide  and 
four  foot  deep  trench. 

(3)  Document  the  test  with  video  or  still  photography,  as  appropriate. 

(4)  Repeat  for  vehicle  weight  condition  B. 

(5)  Repeat  for  baseline  AAV7A1  at  equivalent  weights. 

Data  to  be  reported 

(1)  Photographic  and  video  documentation 

(2)  Trench  dimensions 

(3)  Note  and  record  any  discrepancies,  malfunctions,  or  problems. 
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3.3.s.b  -  Vfiitlcal  Obstacia  Teat 
Purpoae 

To  demonstrate  that  the  test  vehicle  can  scale  a  36-inch  vertical  obstacle 

Method 

(1)  Place  the  test  vehicle  In  weight  condition  A. 

(2)  Slowly  drive  the  vehicle  over  the  required  36-inch  vertical  obstacle. 

(3)  Document  the  test  with  video  or  still  photography  as  appropriate. 

(4)  Repeat  for  vehicle  weight  condition  B. 

(5)  Repeat  for  baseline  AAV7A1  at  equivalent  weights 

Data  to  be  reported 

(1)  Video  and  Photographic  documentation 

(2)  Obstacle  dimensions 

(3)  Note  and  record  any  discrepancies,  malfunctions,  or  problems. 
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3.3.5.C  -  Corrosion 


Purpott 

To  detennlne  any  areas  of  the  test  items  that  are  susceptible  to  corrosion. 


Method 

During  testing,  observe,  analyze,  and  record  suspension  failures  suspected 
of  being  due  to  corrosion.  Observe  and  report  any  areas  suffering  corrosion 
effects. 


Data  to  be  reported 

Record  and  report  ail  suspension  system  failures  due  to  corrosion  in 
accordance  with  other  failure  reporting. 

Make  recommendations  based  on  failure  analysis  and  vehicle  experience. 
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3.3.5.d  •  Climatic  Testing 


Purpose 

To  identify  any  aspects  of  the  test  items  (or  test  vehicie  instaiiation)  that  are 
susceptibie  to  improper  operation  during  extremes  in  ambient  operating 
temperatures. 


Method 

It  is  recommended  that  the  vehicie  and  operation/maintenance  crew  be 
deoloyed  tc  test  regions  where  500  miles  of  hot  desert  testing  (100°  •  125°  F)  and 
500  miles  of  arctic  testing  (-25°  •  0°  F)  can  bb  accumulated  sometime  during  the 
time  period.  During  testing,  observe,  analyze,  and  record  suspension  failures 
suspected  of  being  due  to  the  environment.  Observe  and  report  any  operational 
aspects  suffering  environmental  effects.  Conduct  of  baseline  testing  shall  be 
accomplished  to  the  maximum  extent  possible. 

During  this  testing,  vehicle  weight  should  be  varied  among  weight  conditions 
A  &  B  for  the  recommended  percentages  of  operating  time.  Any  adverse  or 
beneficial  impacts  to  vehicle  performance  as  a  result  of  weight  changes  should  be 
noted. 


Data  to  be  reported 

Record  and  report  ail  suspension  system  failures  and  problems  due  to 
environmental  effects  in  accordance  with  other  failure  reporting. 

Make  recommendations  based  on  failure  analysis  and  vehicle  experience. 
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3.3.5.«  -  Slops  l^egotiatlon 


Purpots 

To  dstermine  the  ability  of  the  test  vehicle  to  negotiate  and  maneuver  on 
forv/ard  and  aide  slopes  safely. 

Method 

(1)  Place  the  test  vehicle  in  weight  condition  A. 

(2a)  Operate  the  vehicle  on  forward  slopes  up  to  and  Including  60% 
Inclines.  The  vehicle  should  be  operated  in  forward  and  reverse. 

(2b)  Operate  the  vehicle  on  side  slopes  up  to  and  Including  40%  Inclines. 

(3)  Document  the  test  with  video  or  still  photography  as  appropriate. 

(4)  Repeat  for  vehicle  weight  condition  B. 

(5)  Repeat  for  baseline  AAV7A1  at  equivalent  weights. 

Data  to  be  reported 

(1)  video  and  Photographic  documentation 

(2)  Slope  Inclinations 

(3)  Note  and  record  any  discrepancies,  malfunctions,  or  problems. 
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3.3.5.f  •  Pivot  Stttering 


Purpott 

To  determine  the  ability  of  the  test  vehicle  to  pivot  steer  during  land 
operations,  as  currently  capability  exists  on  the  AAV7A1. 


Method 

(1)  Inspect  and  adjust  the  HS>400>3  transmission  for  full  pivot  steer 
capability. 

(2)  Pivot  steer  the  vehicle  on  varied  terrains  (hard  surface,  secondary 
roads,  packed  sand,  vegetated  terrain)  during  the  course  of  vehicle 
operations  and  RAM-D  mileage  accumulation.  The  vehicle  should  be 
steered  left  and  right  at  various  speeds  at  the  two  weight  settings. 

(3)  Document  the  test  with  video  or  still  photography,  as  appropriate. 


Data  to  be  reported 

(1)  Video  and  Photographic  documentation 

(2)  Vehicle  rotation  rates. 

(3)  Note  and  record  any  discrepancies,  malfunctions,  or  problems. 


i 
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3.3.5.g  -  Mint  Plow  Evaluation 


Purpoat 

With  future  Introduction  and  fitting  of  the  mine  plow  to  AAV's,  this  large 
weight  maaa  at  the  noae  of  the  vehicle  and  the  puah  loads  to  be  transmitted  to  the 
suspension  system  need  to  be  investigated.  This  test  Is  not  to  be  an  all-inclusive 
test,  but  a  first  look  at  identifying  poasibie  Interface  and  operational  problems. 


Method 

Following  sufficient  testing  of  the  mine  plow  on  a  baseline  AAV7A1 ,  the  plow 
shall  be  Installed  on  the  AAV/HSS.  This  shall  be  performed  for  a  vehicle  weight 
condition  of  6000  pounds  of  cargo  In  the  troop  compartment. 

(1)  The  vehicle  with  mine  plow  and  6000  pound  cargo  load  shall  be  weighed 
and  the  LCQ  determined. 

(2)  The  suspension  contractor  may  provide  new  suspension  unit  pressures  for 
this  vehicle  configuration  to  retain  acceptable  ground  clearance.  The 
nitrogen  charge  levels  may  be  adjusted  with  new  pressure  settings. 

(3)  The  vehicle  with  mine  plow  shall  be  operated  and  terrain  plowed  to  evaluate 
impact  on  the  suspension  system.  * 


Date  to  be  Reported 
To  be  determined.  * 


*  Pending  test  of  the  mine  plow  on  the  baseline  AAV7A1  tind  Its  Impact  on  vehicle 
operation,  this  sub-test  and  its  criteria  will  be  updated  at  a  later  date  to  Include  test 
methods  and  data  gathering. 
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3.3.5.h  -  Nolst  MMiursmant 


Purpott 

Utilization  of  new  components  on  the  vehicle  need  to  be  evaluated  for 
determination  of  whether  or  not  they  add  to  the  acoustic  signature  of  the  vehicle. 


Method 

In  accordance  with  procedures  performed  by  AVTB  to  meuure  internal  and 
external  noise  levels  of  other  add-ons  to  the  AA\/7A1,  similar  efforts  shall  be 
employed  to  measure  the  levels  for  the  AAV/HSS  vehicle  configuration. 

This  shall  be  performed  for  weight  conditions  A  and  B,  and  for  the  four 
listed  terrain  types; 

-  Paved  road 

•  Loose  sand 

-  Pack  sand 

-  Secondary  road 


Data  to  be  Reported 

Data  shell  be  recorded  and  reported  in  accordance  with  AVTB  procedures 
for  Internal  and  external  noise  evaluations. 
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3.3.6  DMign  Raqulrtmsnts 
Biokground 


All  ntw  lystemi  for  tvaluatlon  should  bs  monitored  to  vslldate  proper 
functioning.  Ride  height  and  hydraullc/nltrogen  levels  In  the  suspension  units  are 
paramount  to  proper  functioning. 


3.3.6.a  ■  Fluid  and  Qas  Laval  Check 

Purpose 

To  determine  that  the  nitrogen  and  hydraulic  oil  levels,  and  their  fill  ports, 

maintain  their  settings  during  all  vehicle  operating  conditions. 

Method 

(1)  Utilizing  the  Operations  and  Maintenance  manual  procedures,  check  to 
Insure  that  nitrogen  gas  levels  are  properly  set  and  maintaining  their 
settings. 

(2)  For  the  first  2000  miles,  check  nitrogen  levels  to  see  If  they  were  maintained 
after  every  250  miles  of  operation. 

(3)  Thereafter,  check  nitrogen  levels  to  see  If  they  were  maintained  after  every 
500  miles  of  operation. 

(4)  Hydraulic  fluid  levels  need  not  be  checked  unless  seepage  and/or  leakage 
Is  noted. 

(5)  With  all  units  properly  set,  methods  and  procedures  should  be  determined 
for  Installation  and  charging  of  units  without  the  use  of  blocks  under  the 
vehicle,  This  shall  incorporate  corrective  values  for  different  roadwheel 
stations  end  different  weight  conditions. 

Data  to  be  reported 

(1)  Maintain  a  list  of  when  each  suspension  unit  required  service  or  filling. 

(2)  Note  and  report  discrepancies  and  malfunctions  on  appropriate 
maintenance  and  vehicle  record  logs. 

(3)  Tentative  procedures  for  on-vehicle  charging  without  use  of  support  blocks. 
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3.3.6.b  -  RIdt  Height 


Purpose 

To  determine  whether  the  vehicle's  height  ohsnges  sppreolsbiy  with  time  or 
tempsrsture. 


Method 

(1)  Utilizing  the  Operetloni  and  Msintsnsnoe  msnusi  procedures,  messure 
vehicle  height  et  the  four  corners  of  the  vehicle  hull  et  the  fcllowing 
Increments: 

-  Every  2S0  mllei  of  operstion 

-  Every  two  calendar  months  of  operation 

-  At  every  ten  degrees  change  In  ambient  temperature 

(when  available  and  when  testing  at  elevated/oold  temperatures) 

(2)  Utilizing  the  weapon  station  sight  or  an  Inclinometer,  measure  vehicle 
attitude  change  (with  time)  after  operational  shutdown.  This  shall  be 
performed  to  Investigate  effects  on  UQWS  renge  card  readings  and  system 
accuracy. 


Data  to  be  reported 

(1 )  Maintain  a  list  of  height  measurements  when  readings  are  taken  and  vehicle 
weight  at  the  time. 

(2)  Note  attitude  changes  with  time  and  its  effect  on  weapon  station  pointing 
accuracy. 

(3)  Note  and  report  discrepancies  end  malfunctions  on  appropriate 
maintenance  and  vehicle  record  logs. 

(4)  Measurements  should  be  made  of  baseline  AAV7A1  's  at  equivalent  weights 
and  LCG. 


3.3.6.C  -  Return  Roller  Wear 


Purpoee 

To  observe  wear  rate  and  deterioration  of  return  rollers  during  testing. 


Method 

AVTB  operations  and  malntananoe  personnel  shall  monitor  and  report  on 
abnormal  wear  and  replaoement  of  return  roller  components.  This  shall  Include 
development  and  Implamentatlon  of  any  teat  prooedurea  to  meaaura  damage  and 
determine  replacement  guidelines. 


Data  to  be  reported 

(1)  Maintain  a  list  of  when  support  roller  components  required  service  and/or 
replacement. 

(2)  Note  and  report  discrepancies  and  malfunctions  on  appropriate 
maintenance  and  vehicle  record  logs. 


During  the  course  of  vehicle  testing,  DTRC  will  provide  to  AVTB  four  new 
return  rollers  that  utilize  polyurethane  tires  and  wear  rings.  Upon  the 
removal  of  damaged  rubber  tire  rollers,  these  new  rollers  should  be  installed 
until  expended. 
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3.3.6.d  -  RoadwhMl  /  Sutpantion  Unit  intarfaranca 


Purpoaa 

To  obiarva  wear  rate  and  deterioration  that  may  reault  to  roadwheel  and/or 
euepanslon  unite  aa  a  reault  of  Interference  between  the  oomponente  or  ae  a  reeult 
of  terrain  Induced  damage. 


Method 

AVTB  operationa  and  maintenanoe  peraonnel  ahail  monitor  and  report  on 
abnormal  wear  and  replacement  of  euapenilon  unite  and  roadwheele  aa  a  reault 
of  Interference  between  the  componenta  or  u  a  reault  of  terrain  Induced  damage. 
Thia  ahail  Include  development  and  implementation  of  any  teat  prooeduree  to 
meaaure  damage  and  determine  replacement  guldellnee. 


Data  to  be  reported 

(1)  Maintain  a  llet  of  when  damage  or  Interference  required  lervloe  and/or 
replacement. 

(2)  Note  and  report  diecrepanciee  and  malfunctlona  on  appropriate 
maintenance  and  vehicle  record  loga. 
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3.3.6.0  -  Track  Tension  Setting  and  Adjuatment 


Purpose 

To  obiarve  track  taniion,  Ita  affect  on  vahlole  operation,  and  datarmlna 
applloabie  sotting  and.  measurement  guldanoe.  This  Is  required  as  a  result  of  the 
support  roller  Interface  and  the  affect  on  track  tension  and  proper  setting. 


Method 

AVTB  operations  and  mainttnanoe  personnel  shall  monitor  and  report  on 
abnormal  wear  and  replacement  of  track  components  u  a  result  of  Intarfsrenoe 
between  the  track  and  suspension  oomponsnts  or  as  a  result  of  terrain  Induced 
damage.  This  shall  Include  development  and  Implementation  of  any  procedures  to 
determine  and  set  proper  track  tension. 

AVTB  shall  experiment  with  and  provide  comments  on  ways  to  Install  and 
remove  the  track  on  the  vehicle  in  various  configurations  end  weights.  This  shall 
include  estimates  of  crew  levels,  time  required,  numbers  of  personnel  required  and 
the  need  to  remove  EAAK  panels  (If  neoessary)  for  service  to  the  track. 


Data  to  be  reported 

(1)  Maintain  a  list  of  track  demaoe  or  Interference  that  required  service  and/or 
replacement. 

(2)  Note  and  report  discrepancies  and  malfunctions  on  appropriate 
maintenance  and  vehicle  record  logs. 

(3)  Times  required,  crew  levels/quantity,  and  vehicle  Impact  to  service  the 
track. 
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3.3.S.f  -  Installation  and  ramoval  of  auspanslon  units 


Purpoao 

To  aasaas  oraw  workload,  laval  of  difficulty,  and  anticipated  maintenanoe 
burdans  for  this  syatam  that  would  ba  raquirad  for  Installation  of  units  on  the 
vahlola. 


Method 

AVTB  operations  and  maintsnanca  paraonnel  (at  various  maintananoa 
lavsis)  shall  perform  luspanelon  unit  Installation  and  removal  In  various 
oonfiguratlona  that  could  be  anticipated  by  the  FMP.  This  shall  Include,  but  not  be 
limited  to: 

•  Inatallatlon/removal  while  pressurized  and  unprsssurized 

•  Inatallatlon/ramoval  with  and  without  hub  attachsd 

•  Inatallatlon/removal  at  etatlons  1.  3, 6  •  port  and  starboard 

•  Various  lifting  harnsassa  and  lifting  methods 

•  Different  vehicle  weights 

AVTB  shall  experiment  with  (in  matrix  format)  and  provide  comments  on 
possibilities  for  accomplishing  the  above  efforts,  and  provide  feedback  on  what 
changes  should  ba  considered  for  future  vehicle  configurations  to  facilitate  easier 
Installation  and  removal  of  units. 


Data  to  ba  reported 

(1)  Photographic  coverage  when  deemed  appropriate. 

(2)  Operator  and  maintenance  personnel  feedback  on  efforts  undertaken  and 
success  of  different  methods. 

(3)  AVTB  shall  provide  user  feedback  on  lifting  devices  (either  new  or  modified 
hardware  currently  available)  to  make  this  function  easier  and  safer. 
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3.3.6.a  -  Short  tricking  of  tutpintion  units 


Purpoio 

To  assisi  criw  workload,  level  of  difficulty,  and  anticipated  maintenance 
burdens  for  this  system  to  be  required  for  short  tracking  the  vehicle  in  a  field 
environment. 


Method 

AVTB  operations  and  maintenance  personnel  (at  various  maintenance 
levels)  shall  experiment  with  and  perform  short  tracking  of  the  vehicle  in  various 
configurations  that  could  be  antlolpated  by  the  PMF.  This  shall  Include,  but  not  be 
limited  to; 

-  Installation/removal  of  units  to  facilitate  short  tracking 

-  Deactivation  and  tiling  up  of  units  during  short  tracking 

•  Impact  on  being  towed  when  short  tracked  (using  tow  bars  and  cables) 

-  Removal  of  roadwheels  and  hubs 

-  Different  vehicle  weights 

-  Progressive  increase  and  maximum  number  of  roadwheel  stations  that  can 

be  deactivated  (rear  units,  front  units,  mixed  units) 

AVTB  shall  experiment  with  (In  matrix  format)  and  provide  comments  on 
possibilities  for  accomplishing  the  above  efforts,  and  provide  feedback  on  what 
changes  should  be  considered  for  future  vehicle  configurations  to  facilitate  easier 
short  tracking. 


Data  to  be  reported 

(1)  Photographic  coverage  when  deemed  appropriate. 

(2)  Operator  and  maintenance  personnel  feedback  on  efforts  undertaken  and 
success  of  different  methods. 

(3)  Ground  clearance  changes. 
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3.3.7  Reliability,  Availability,  Maintainability  and  Durability 


Background 

New  vehicle  hardware  must  not  provide  a  iogistios  and  maintenance  burden 
for  the  sake  of  improved  performance.  Reliability  and  maintainability  must  be 
documented  and  validated  to  evaluate  the  new  systems  benefits. 


Purpose 

To  determine  the  test  item's  anticipated  RAM-D  characteristics  during  the 
test  period. 


Method 

(1 )  Operate  the  test  vehicle  as  outlined  in  paragraph  2.1 .  Maintain  the  vehicle 
and  suspension  system  as  outlined  in  the  appropriate  technical  manuals. 

(2)  Perform  all  crew  level  maintenance  actions  required  during  the  test 
operations  and  report  In  accordance  with  standard  procedures. 


Data  to  be  reported 

(1)  Record  all  failures 

(2)  Record  suspension  maintenance  data  in  accordance  with  appropriate 
procedures. 

(3)  Record  and  make  note  of  any  crew  level  special  skills,  tools,  and 
procedures  required  for  maintenance  and  operation  of  the  suspension  units 
and  vehicle  system  not  previously  addressed  In  either  vehicle  manuals,  or 
those  documents  referenced  in  Appendix  B. 

(4)  AVTB  shall  provide  user  feedback  on  the  charging  cart  configuration,  uses, 
and  possible  Improvements  to  make  this  special  tool  easier  to  handle,  use, 
and  transport  in  future  suspension  applications.  This  feedback  Is  also 
requested  for  any  crew  level  special  tools  and  procedures  required  to 
operate  and  maintain  the  suspension  system. 
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3.3.8  Towing  Tests 
Bsckground 

All  changes  and  Improvements  to  the  AAV  family  must  be  done  without 
sacrifiejng  or  degrading  current  vehicle  performance  and  capabilities. 

Purpose 

Comparative  testing  of  the  operation  and  handling  qualities  of  this  modified 
vehicle  versus  a  standard  AAV  shall  be  performed  when  towing  various  items. 
Measurements  required  will  be  qualitative  and  quantitative. 

Method 

A  test  matrix  shall  be  established  and  the  following  towing  tests  shall  be 
performed  witfi  the  vehicle  in  weight  conditions  A  &  B.  Video  coverage  shall 
document  vehicle  operations. 

1,  Towing  shall  be  conducted  over  the  following  terrains; 

•  loose  and  packed  sand 

-  secondary  roads 

•  paved  roads 

•  cross  country  terrain. 

•  mud/clay 

•  vegetated 

2.  Towing  shall  be  conducted  (using  bars  and  cables)  with  the  following 
items  towed  by  the  AAV/HSS: 

•  AAV  of  equal  or  less  weight 

-  M198  155  mm  towed  artillery 

-  Standard  trailer 

-  Trailer  mounted  line  charge 

-  Other  equipment  deemed  appropriate  by  AVTB 


3.  A  baseline  AAV  at  equivalent  weight  shall  tow  the  AAV/HSS. 

Data  to  be  reported 

Excessive  loss  of  roadwheel  travel  shall  be  measured  and  documented. 
The  only  other  measurements  will  be  video  documentation  of  vehicle  operation  of 
the  modified  AAV  and  baseline  AAV  during  testing.  To  be  watched  for  are  unsafe 
operating  conditions,  or  excessive  vehicle  movements  during  operation.  Inability 
of  either  vehicle  to  safely  perform  the  test  should  be  documented. 
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3.4  Data  Requirements  and  Instrumentation 


At  AVTB'8  recommendation,  AVTB  shall  be  responsible  for  ride  quality 
instrumentation,  data  gathering,  and  data  analysis.  Two  measurement  devices  should  be 
Installed  in  the  test  vehicles,  measuring  absorbed  power/vibration  levels  at  both  the  troop 
level  and  drivers  seat  simultaneously  for  comparison  purposed.  The  vehicles  should  be 
run  through  the  test  profile  as  discussed  in  Section  3.3. 1 .  The  AAV/HSS  and  the  AAV7A1 
shall  be  run  through  the  test  profile  one  after  another.  This  will  be  repeated  for  the  two 
vehicle  weight  conditions.  Discussion  of  US  ARMY  measurement  techniques  are 
presented  in  Appendix  B. 

For  ride  quality  data,  the  baseline  comparative  value  to  which  testing  should  be  run 
is  a  0.7  Inch  RMS  terrain.  The  required  performance  that  the  M1A1  tank  tests  against  is 
sustained  29  mph  speed  over  the  0.7  Inch  RMS  terrain  with  6.0  watts  power  absorbed  at 
the  drivers  seat.  If  speed  can  be  maintained  through  the  terrain,  then  power  absorption 
Is  to  be  measured.  If  speed  can  not  be  maintained,  then  maximum  speed  at  the  6.0  watts 
level  or  less  should  be  recorded. 

All  other  instrumentation  and  data  reduction  that  AVTB  feels  may  be  needed  for 
the  conduct  of  tests  in  this  test  plan  wilt  be  the  responsibility  of  AVTB,  with  data  in 
analyzed  form  to  be  presented  to  DTRC  at  the  conclusion  of  testing. 

Vehicle  operation  is  to  occur  on  both  land  and  in  the  water.  AVTB  will  be 
responsible  for  structuring  of  tests  and  determination  of  how  test  should  be  conducted. 
AVTB  will  be  responsible  for  utilizing  applicable  test  procedures  from  previous  or  simiiar 
testing  and  for  developing  any  new  test  plans  and  procedures. 
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3.5  Data  Analysia,  Documentation,  and  Reporting 


It  is  requested  that  a  vehicle  log  be  maintained  for  observations  and  measurements 
taken  pertaining  to  this  system  and  series  of  tests. 

It  is  requested  that  AVTB  provide  photographic  coverage  on  sequences  of 
AAV/HSS  testing.  During  testing,  video  coverage  representative  of  testing  being 
conducting  Is  requested  in  accordance  with  Section  3.3  of  this  test  plan. 

Color  still  photographs  should  also  document  testing,  along  with  any  ancmalles 
encountered  or  failures  that  may  occur  to  hardware  during  testing. 

It  will  be  at  the  discretion  of  the  AVTB  Operations  Office  to  request  photographic 
coverage. 

The  accumulation  reliability  Information  Is  for  Informational  purposes  and  to  track 
trends/deficiencies,  vice  tabulation  of  classical  RAM-D  data. 

AVTB  shall  continue  to  Include  the  status  of  the  vehicle  testing  in  their  monthly 
reports. 

AVTB  shall  prepare  and  distribute  Test  Incident  Reports  (TIR)  for  abnormal  events 
and  failures.  These  reports  shall  be  distributed  to  AVTB,  DRPM  AAA,  DTRC,  and  CGT 
with  a  recommended  tasking  for  action.  These  reports  should  be  developed  and 
maintained  for  the  whole  test  program  and  should  be  distributed  as  soon  as  reasonably 
possible, 

Provided  in  Appendix  C  is  a  vehicle  operator's  questionnaire.  It  is  requested  that 
all  crew  members  that  drive,  maintain,  or  are  Involved  in  the  testing  of  the  AAV/HSS  be 
given  copies  of  and  complete  this  questionnaire  after  discrete  test  point  completion. 

At  the  conclusion  of  testing,  it  is  requested  that  AVTB  prepare  and  forward 
compiled  test  results,  findings,  and  comments  in  the  form  of  a  Final  Report  to  DTRC  and 
DRPM  AAA.  This  report  shall  describe; 


-  Test  Data 

•  List  of  tests  attempted/achieved 

•  Narrative  discussion  of  test  results 

-  Completed  questionnaires 
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3.6  Logistics  Support  during  Testing 


The  LVTPX-12  test  vehicle  will  be  shipped  to  the  test  site  by  the  contractor. 
Shipment  will  be  by  truck  with  drive  on/drive  off  capability.  Shipment  of  required  test 
items  and  repair  parts  will  coincide  with  delivery  of  the  test  vehicle.  Only  field  serviceable 
repair  parts  will  be  delivered  to  AVTB.  Depot  repairable  parts  will  be  retained  at  the 
contractor's  facility. 

The  maintenance  of  the  LVTPX-12  vehicle  will  be  the  responsibility  of  AVTB, 
Including  all  service  and  parts  not  unique  to  the  hydropneumatic  suspension  system. 

Spare  parts  unique  to  the  suspension  system  and  the  vehicle  Installation  will  be 
provided  with  the  test  vehicle.  A  list  was  provided  in  reference  (6)  of  Appendix  B.  This 
quantity  of  parts  should  support  testing  for  at  least  one  year.  If  additional  parts  or  high 
usage  parts  are  required,  it  will  be  the  responsibility  of  AVTB  to  procure  these  parts.  Any 
maintenance  that  will  require  disassembly  of  the  suspension  unit  will  be  provided  by  the 
suspension  contractor  at  his  facility.  With  the  delivery  of  the  test  vehicle  will  be  two  spare 
suspension  units  (one  port,  one  starboard).  Damaged  suspension  units  or  units  in  need 
of  repair  shall  be  shipped  to  the  contractor  for  rework. 

Maintenance  procedures  for  required  service  checks  of  the  hydropneumatic 
suspension  units  is  provided  in  reference  (1)  of  Appendix  B. 
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APPENDIX  A 

VEHICLE  TESTING  WEIGHT  CONDITIONS 


The  following  vehicle  configurations  shall  be  tested  for  the  AAV/HSS.  Outfitting  of 
the  vehicle  has  been  accomplished  utilizing  actual  components  with  the  exception  of 
ballast  for  troop  and  cargo/LMC  load.  The  below  listed  weights  are  actual  measurements 
for  the  AAV/HSS  vehicle. 


CONDITION  AAV/HSS  WEIGHT 

(pounds) 


A.  Combat  Equipped,  53,500  pounds 

plus  EAAK  and  Troops 

B.  Combat  Equipped,  58,100  pounds 

plus  EAAK  &  10,600  lbs.  cargo  (LMC  kit) 


The  following  is  a  tabulation  of  components  attributed  to  the  vehicle; 


was  CompQnsnt 

1000  Hull,  Welded  &  machined 

1100  Bow  Plane 

2000  Powertrain 

3000  Transmission 

4000  Aux.  Propulsion 

5000  Suspension  (HSS  replacement  for  torsion  bar  system) 

6000  Armament  (UQWS,  combat  ready) 

7000  Subsystems 

8000  OEM/Comm  equipment 

9100  Crew  of  three 

9200  Fuel  (171  gallons) 

LOADED  ITEMS 

WBS  Cflmc.fi.nent 

9300  LMC  kit  -  Cargo  (10,600  lbs) 

9400  20  troops  &  1  TC  (@  285  lbs  ea) 

9520  Enhanced  AAK 
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APPENDIX  B 


DOCUMENTATION  REFERENCES 


1.  "OPERATIONS  AND  MAINTENANCE  MANUAL  FOR  HYDROPNEUMATIC 
SUSPENSION  SYSTEM  INSTALLED  ON  P-7  AMPHIBIOUS  ASSAULT 
VEHICLE",  document  number  AMS/721  /M5-RB89303,  published  by  Cedlllac 
Qage-Textron  on  5  October  1989. 

2.  "HUMAN  VIBRATION  RESPONSE  MEASUREMENT',  TACOM  Technical 
Report  11551,  dated  June  1972 

(DTIC  #  AD901195). 

3.  "DESIGN  REPORT  FOR  AN  IN-ARM  HYDROPNEUMATIC  SUSPENSION 
UNIT,  published  by  Cadillac  Qage-Te)(tron,  September  1988. 

4.  "FINAL  REPORT  FOR  AN  IN-ARM  HYDROPNEUMATIC  SUSPENSION 
UNIT,  published  by  Cadillac  Gage-Textrcn,  date  TBD. 

5.  "DETAILED  TEST  PUN  ■  DEVELOPMENT  TEST  III  for  the  UNDINQ 
VEHICLE  TRACKED  MODEL  7A1  (LVT7A1)",  published  by  MCDEC, 
September  1983. 

6.  'TEST  PUN  FOR  A  HYDROPNEUMATIC  SUSPENSION  SYSTEM 
MOUNTED  ON  AN  ASSAULT  AMPHIBIAN  VEHICLE  (LVTPX-12)",  prepared 
by  the  David  Taylor  Research  Center,  May  1990,  Revision  4. 
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APPENDIX  C 


AAV/HSS  OPERATOR’S  QUESTIONNAIRE 

1.  Approximately  how  many  hours  experlenca  have  you  had  In  driving  the  test 
vehicle? 


2.  Have  you  had  experience  driving  the  standard  AAV7A1  vehicle?  If  so, 
approximately  how  much? 


3.  Do  you  consider  the  handling  characteristics  of  the  test  vehicle  to  be  adequate 
insofar  as  safety  Is  concerned? 


If  not.  please  elaborate. 


4.  Do  you  find  the  test  vehicles  hard  to  control  over  a  certain  terrain  or  In  a  particular 
situation?  If  so,  please  elaborate. 


5.  Do  you  find  driving  or  riding  in  the  test  vehicle  to  be  unusually  tiring  or  the 
opposite,  less  tiring? 


6.  Do  you  have  any  comments  (gathered  from  operating,  maintaining,  or  riding  In  the 
test  vehicle)  which  you  oonsider  appropriate  to  the  suspension  system.  Installation, 
or  features? 
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XPPIMOIX  I 

VIBXCLB  WBXaBTS,  CQs,  XND 
QROUNO  OL1ARXNOS8 


I-l 


TABLB8  OF  WBIOHTS,  LCO, 
AND  OROUND  CLBARANCB 


PXia-10  WITH  BAXX  1N8VALLBD 
NXXOKV  AND  LCO  WITH 
QROUND  OLBARANOB 


ORND  CLR 

PORT 

STARBOARD 

18" 

18-1/4" 

AFV 

as-s/ie" 

aa-i/a" 

47,800# 

LOO 

•8-7/8" 

VCQ 

87-1/4" 

REMARKS:  Not  ooRibat  aqulppad. 


ORND  CLR 

PORT 

STARBOARD 

FORWARD 

13-3/4" 

14" 

AFT 

a 1-1/4" 

ai-i/a" 

VBIOKT 

48,180# 

LOO 

•6-3/4" 

VGO 

26-7/8" 

REMARKS:  Nolghtad  to  r«pr«s«nt  th«  combat  aquippad  taat 
criteria. 


ORND  CLR 

PORT 

STARBOARD 

FORWARD 

16-8/8" 

16-1/4" 

AFT 

14-8/8" 

14-1/16" 

WBXOKT 

88,840# 

LOO 

•7-1/4" 

VCO 

aa-7/8" 

REMARKS:  Weight  la  centered.  Weighted  to  repreaent  the  troop 
loaded  teat  criteria. 


WEIOKT 

88,840# 

LOO 

83-3/8" 

VCO 

28-8/16" 

ORND  CLR 

PORT 

STARBOARD 

FORWARD 

14" 

13" 

AFT 

18" 

17-1/4" 

REMARKS:  Weight  la  mounted  forward.  Weighted  to  represent  the 
troop  loaded  test  criteria. 


1-2 


I 


REMARKS i  Weights  art  aantarad. 

loadad  taat  arltaria. 


Walghtad  to  rapraaant  th«  cargo 


REMARKS:  Weights  vara  mountad  forward.  Weighted  to  rapraaant 
the  cargo  loadad  taat  criteria.  Vehicle  was  test 
operated  In  the  jetty  and  performed  In  a  safe  and 
satisfactory  manor.  This  condition  Is  safe  for  water 
operations. 


I 

I 

I 

I 


1-3 


XPPBNSXZ  J 


rXXLORI  XMALYfXB  RBPORT 


BA8Z0  DATA 

TEST  PROORAMl 

6K  HSS  EQUIPPED  LVT  PX  -  12  VEHICLE 

F/A  REPORT  NO.! 

001 

REPORT  DATS! 

20  AUGUST  1990 

PROBLEM! 

LEAXIMG  GAS  SPRING  SYSTEM 

ZKCZDEMT  DATE! 

24  JULY  1990 

SUEPENSZOM  UKZT  8/M! 

a 

ROAOARM  8TATZ0M  MO. ! 

#2  LEFT 

MARRATZVB8 

DIICRZPTZON  or  rXZLURBl 

SEE  ATTACKED  SHEET 


AKALYBZS  OF  PROBLEM! 

SEE  ATTACHED  SHEET 


DBSCRZPTZ0N8  OF  CORRBCTZVB  ACTZOHS! 

SEE  ATTACHED  SHEET 


TEST  RESULTS  ON  CORRECTZVB  ACTZOMSi 


DESCRIPTION  OF  FAILURE: 

A  visual  inspection  of  the  vehicle  revealed  that  the  front  of  the 
vehicle  was  not  at  the  proper  ride  height.  The  vehicle  was  put  up 
on  stands  to  check  the  gas  spring  charge  pressures.  The  charge 
pressure  In  the  left  #2  unit  was  measured  at  325  psi  compared  to  a 
required  3200  psl.  An  attempt  was  made  to  recharge  the  suspension 
unit,  however,  It  would  not  hold  a  charge.  The  suspension  unit 
(S/N  2)  was  replaced  with  another  unit  (S/N  7}  and  returned  to 
Cadillac  Gage  for  failure  analysis. 

ANALYSIS  OF  PROBLEM: 

A  failure  analysis  was  Initiated  to  identify  the  cause  of  the  gas 
spring  pressure  loss.  Disassembly  and  inspection  of  the  suspension 
unit  identified  the  following  problems,  which  are  discussed  in 
detail  below: 

1.  Missing  spindle  rebound  stop  block. 

2.  Broken  connecting  bar. 

3.  Sand/rust  build-up  in  the  crankcase  seal  area. 

4.  Loose  front  cover  retaining  screws. 

MISSING  SPINDLE  REBOUND  STOP  BLOCK: 

The  spindle  rebound  stop  block  (P/N  AS700321)  was  found  to  be 
missing  (See  Figure  1} .  The  stop  block  retaining  screw  and  shear 
pin  were  sheared  off  at  the  atop  block/ spindle  interface.  This  was 
caused  by  misalignment  (non-square  contact)  of  the  roadarm  and 
spindle  mounted  stop  blocks  during  a  rebound  strike.  The 
misalignment  was  probably  caused  by  rocks  or  other  debris  becoming 
sandwiched  between  the  atop  blocks. 

Operation  of  the  suspension  unit  with  a  missing  rebound  stop  block 
allowed  the  suspension  unit  to  ,  over-travel  and  bottom  the 
connecting  bar  on  the  spindle  (See  Figure  2).  Therefore,  loss  of 
the  rebound  stop  block  was  the  primary  mode  of  failure  which 
resulted  in  secondary  failures  of  the  connecting  bar  and  ultimately 
the  gas  spring  system. 

BROKEN  CONNECTING  BAR: 

Structural  failure  of  the  connecting  bar  was  a  secondary  failure 
resulting  from  operation  of  the  suspension  unit  with  a  missing 
rebound  stop  block.  The  connecting  bar  is  a  weldment  which  under 
normal  operation  is  always  loaded  in  compression.  As  the 
suspension  unit  over-travels,  the  connecting  bar  bottoms  on  the 
spindle,  loading  it  in  both  shear  and  banding,  causing  the  weld 
between  the  bar  and  ball  to  fracture  (See  Figure  3) .  Although  the 
suspension  unit  continued  to  operate  for  some  time  after  the 
connecting  bar  had  broken,  metal  chips  generated  by  the  failure 
eventually  scratched  and  scored  the  high  pressure  seals  and 
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CONNECTING  BAR 
BOTTOMS  ON  SPINDLE 
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sleeve,  resulting  In  the  gas  spring  pressure  loss. 

SAND/RUST,  BUILD-UP  IN  THE  CRANKCASE  SEAL  AREA: 

During  disassembly  of  the  suspension  unit,  it  was  noted  that  a 
significant  amount  of  sand  and  dirt  was  packed  between  the 
crankcase  dust  and  oil  seals.  Also,  the  sealing  surfaces  for  both 
seals  were  rusted  and  grooved  (See  Figure  4).  These  problems, 
which  are  accelerated  by  the  saltwater/ sand  environment,  would  have 
eventually  resulted  in  failure  of  the  crankcase  seal  system 
(crankcase  oil  and  gas  leakage) . 

Failure  of  the  crankcase  seal  system  is  a  recognized  design  problem 
which  progresses  in  the  following  manner: 

1.  Saltwater  induces  corrosion  of  the  dust  seals  non-protectad 
steel  sealing  surface. 

2.  Wear  of  the  dust  seal  lip  is  accelerated  as  it  runs  over  the 
rough  rusted  and  pitted  sealing  surface. 

3.  The  rough  sealing  surface  allows  sand  and  dirt  to  work  its  way 
under  the  sealing  lip,  causing  additional  wear  and  grooving  of  the 
relatively  soft  (Rc  36)  steel  sealing  surface. 

4.  The  dust  seal  becomes  ineffective,  allowing  sand,  dirt,  and 
saltwater  to  pass  through  and  accumulate  under  the  crankcase  oil 
seal. 

5.  The  sand  and  dirt  quickly  abrade  the  soft  crankcase  oil  seal, 
resulting  in  crankcase  oil  and  gas  leakage. 

Cadillac  Gage  has  redesigned  the  crankcase  dust  seal.  Laboratory 
testing  of  the  new  dust  seal  configuration  should  be  completed  by 
the  end  of  September.  Upon  successful  lab  testing  of  the  new 
seals,  the  suspension  units  are  to  be  removed  from  the  vehicle  and 
modified  with  the  new  dust  seals. 

LOOSE  FRONT  COVER  RETAINING  SCREWS; 

The  front  cover  retaining  screws  were  checked  to  see  if  any  had 
loosened,  Three  screws  were  found  to  be  loose,  and  two  were  finger 
tight  (See  Figure  5) .  The  locking  tabs,  installed  to  prevent  the 
screws  from  loosening,  were  ineffective.  They  were  bent  and  broken 
by  debris  trapped  between  the  roadwheels  and  the  front  covers. 
Loosening  of  the  front  cover  retaining  screws  is  a  recognized 
design  problem  which  will  require  additional  analysis  and 
evaluation.  This  problem  is  to  be  resolved  under  a  follow-on 
contract. 


DESCRIPTION  OF  CORRECTIVE  ACTIONS; 
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RETAINirJG  SCREWS 


The  suspension  unit  was  refurbished  and  returned  to  Twenty-Nine 
Palms  to  be  used  as  a  spare.  Refurbishment  included  the 
following: 

1.  Replacement  of  the  complete  spring  system. 

2.  Installation  of  a  new  spindle  rebound  stop  block. 

3.  The  crankcase  oil  and  dust  seals  were  replaced. 

4.  The  crankcase  oil  and  dust  seal  diameters  on  the  roadarm  (See 
Figure  6)  were  machined  to  remove  the  rust  and  pits,  and  them 
chrome-plated  to  bring  them  back  to  size. 
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Onc«  thtt  vahlol*  tmmt  w«lghta  and  cantar  of  gravity 
locations  wars  flnallzad  by  DTRC,  Cadillac  Gags 
oalculatsd  ths  optlnun  gas  spring  chargs  prsaaurss  to  bs 
3200  psl  at  stations  1  and  2,  and  1975  psl  at  stations  3 
thru  6.  Whlls  rsoharglng  ths  systsm  to  ths  nswly 
apsolflsd  prsssurss  It  was  notsd  that  ths  gas  spring 
chargs  prsssurs  In  ths  nxiabsr  1  right  unit  was  1515  psl 
ooaparsd  to  a  rsqulrsd  3200  pal.  Ths  suspsnslon  unit  was 
rschargsd  to  3200  psl,  howsvsr,  ths  prsssurs  would  not 
stabillzs  indicating  a  Isak.  Ths  suspsnslon  unit  S/N  8 
was  rsplacsd  with  S/N  11  and  rstumsd  to  Cadillac  Gags 
for  failurs  analysis. 

ANALYSIS  OF  PROBLEM; 

A  failurs  analysis  was  Inltlatsd  to  Idsntlfy  ths  causs  of 
ths  gas  spring  prsssurs  Isakags.  Dlsasssinbly/lnspsctlon 
of  ths  suspsnslon  unit  Idsntlflsd  ths  following  problsms: 

1.  Failurs  of  ths  naln  oyllndsr  bors  snd  cap 
T-ssal. 

2.  Sand/rust  build-up  In  ths  crankcass  ssal  arsa. 


I  BORE  END  CAP 


Whlls  rsnovlng  ths  naln  cyllndsr  bors  snd  cap  It  was 
notsd  that  ths  outboard  T-ssal  back-up  ring  was  out  of 
position.  It  appsared  as  If,  during  asssnbly,  ths  back¬ 
up  ring  hung  up  In  ths  thrsad  rsllsf  groovs  machlnsd  In 
ths  roadam,  partially  pulling  It  from  ths  seal  groove  In 
the  snd  cap  (See  Figure  1) .  This  In  turn  allowed  the 
rubber  portion  of  ths  T-ssal  to  extrude  into  ths  gap 
bstwsen  ths  snd  cap  and  roadam  bors  (Sss  Figure  2) .  As 
a  result  of  ths  fluctuating  pressures  (novsmsnt  of  ths 
roadam)  the  rubber  portion  of  ths  T-ssal  was 
sxtradsd/nlbbled  away  and  eventually  a  leak  path  was 
fomsd  for  the  gas  spring  chargs  (Sss  Figure  3)  . 
Therefore,  leakage  of  the  gas  spring  chargs  was  due  to 
the  failure  of  a  Improperly  Installed  end  cap  T-seal. 

•{AND/RUST  BUILD-UP  IN  THE  CRANKCASE  SEAL  AREA! 

During  disassembly  of  ths  suspension  unit  It  was  noted 
that  a  significant  amount  of  sand  and  dirt  was  packed 
between  ths  crankcase  "dust"  and  oil  seals.  Also,  ths 
sealing  surfaces  for  both  seals  were  rusted  and  grooved 
(See  Figure  4). 
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NORMAL  T-SEAL  OPERATION 


T-SEAL  WITH  OUTBOARD  BACK-UP 
RING  PARTIALLY  MISSING  (STATIC,  0  PRESSURE) 


T-SEAL  WITH  OUTBOARD  BACK-UP 
RING  PARTIALLY  MISSING  (UNDER  PRESSURE) 


RGURE  2 


These  problems,  which  are  accelerated  by  the  saltwater/ 
sand  environment  would  have  eventually  resulted  In 
failure  of  the  crankcase  eeal  system  (crankcase  o 11/gas 
leakage) . 

Failure  of  the  crankcase  seal  system  Is  a  recognized 
design  problem  which  progresses  In  the  following  manor: 

1.  Saltwater  Induces  corrosion  of  the  "dust” 
seals  non-protected  steel  sealing  surface. 

2.  Wear  of  the  dust  seal  lip  is  accelerated  as  it 
runs  over  the  rough  rusted/pitted  sealing 
surface. 

3.  The  rough  sealing  surface  allows  sand/dlrt  to 
work  Its  way  under  the  sealing  lip,  causing 
additional  wear  and  grooving  the  relatively 
soft  (RC  36}  steel  sealing  surface. 

4.  The  "dust"  seal  becomes  Ineffective  allowing 
sand,  dirt  and  saltwater  to  pass  and 
accumulate  under  the  crankcase  oil  seal. 

5.  The  sand/dlrt  quickly  abraded  the  relatively 
soft  crankcase  oil  seal  resulting  In  crankcase 
oll/gas  leakage. 

Cadillac  Gage  has  redesigned  the  crankcase  "dust"  seal. 
Laboratory  testing  of  the  new  "dust"  seal  configuration 
should  be  completed  by  the  end  of  September.  Upon 
successful  lab  testing  of  the  new  seals,  the  suspension 
units  are  to  be  removed  from  the  vehicle  and  modified 
with  the  new  "dust"  seals. 


The  suspension  unit  was  refurbished  and  returned  to  29 
palms  to  be  used  as  a  spare.  Refurbishment  Included  the 
following: 

1.  Replaced  the  main  bore  end  cap  Toseal.  All 
T-seals  and  O' rings  are  normally  replaced  as 
part  of  any  unit  refurbishment. 

2.  The  crankcase  oil  and  dust  seals  were 
replaced. 


3. 
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The  crankcase  oil  and  dust  seal  diameters  on 
the  roadarm  (See  Figure  S)  were  machined  to 
remove  the  rust/plts  and  then  chrome  plated  to 
bring  them  back  to  size. 
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APPENDIX  X 

PRODUCTION  COST  STATEMENT  (UNIT  COST) 
CDRL  SEQUENCE  NUMBER  AO 12 
DATA  ITEM  NUMBER  DI-r-1212 


COMPANY  CONFIDENTIAL 

Exampt  from  Diaoloauro  Undar  5  U.8.C.  Saotlon  552  (b) (4) ,  18  U.B.C. 
Saotlon  1905  and/or  PAR  3.104. 
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1.0 


This  report  summarizes  the  effort  and  results  of  modifying  a  6K 
hydropneumatic  suspension  unit  to  prove  the  feasibility  of  a 
retractable  suspension  unit  for  use  on  amphibious  military  tracked 
vehicles.  Also  included  is  a  concept  design  for  a  fully 
retractable  suspension  system. 


2 . 0  Objective 

The  objective  of  this  contract  amendment  (#P0011)  was  threefold: 
1)  to  prove  the  feasibility  of  retraction  on  a  modified  6K 
hydropneumatic  suspension  unit,  2)  to  demonstrate  the  reliability 
of  retraction,  and  3)  to  provide  a  concept  design  of  a  fully 
retractable  suspension  system  for  use  on  tracked  amphibian 
vehicles. 


3.0  Program  Plan 

To  verify  the  principle  of  retraction,  a  design  was  developed 
modifying  a  current  6K  ISU  to  include  the  retraction  feature.  The 
purpose  of  this  unit  is  for  testing  only  and  is  not  intended  for 
vehicle  installation.  A  brass  board  high  pressure  supply  was 
fabricated  using  "off  the  shelf"  components  where  possible. 
Although  the  brass  board  system  simulates  the  vehicle  control 
system  in  function,  size  and  flow  capabilities  are  not 
representative  of  those  that  would  be  used  for  vehicle  operation. 

The  test  unit  was  then  cycled  through  the  retraction  operation 
while  measurements  of  its  oharaoteristics  were  taken. 

Concurrent  with  the  testing  effort,  a  concept  design  was 
developed  for  a  retractable  6K  hydropneumatic  suspension  system 
consisting  of  6K  retractable  ISUs,  track  tensioner,  and  vehicle 
control  system.  A  system  weight  analysis  was  also  included. 


4.0 
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4.1 

SUBEgnsian  Test  ..Unit 

4.1.1 

RBaalrimentB 

The  initial  design  effort  to  duplicate  the  geometry  and 
kinematics  required  for  a  vehicle  installation,  as  outlined  In 
Enclosure  A,  revealed  that  the  condition  exceeded  the  designed 
capabilities  of  the  unit  being  modified.  Due  to  the  unit 
configuration  and  space  limitations  within  the  roadarm,  the  attempt 
to  duplicate  spring  pressure  needed  for  roadwheel  loads  resulted  in 
excessive  retraction  pressure.  This,  in  turn,  exceeded  the 

capabilities  of  the  unit's  internal  components  and  roadarm. 

As  a  result,  the  criteria  was  redefined  for  the  test  unit, 
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specifically: 

Jounce  Position 
Rebound  Travel 
Static  Position 
Jounce  Load 
Roadarm  Length 


12.5  inches  vs  17.0  inches 

3.5  inches  vs  5.0  inches 
9.379  Inches  vs  -11.0  Inches 
18,000  lbs.  vs  21,000  lbs. 
16.0  inches  vs  18.0  Inches 


This  allowed  the  unit  to  be  modified  to  a  workable  test  specimen 
providing  "Proof  of  Principle"  for  retraction.  The  geometry  of  the 
spring  system  is  shown  in  Figure  1.  Theoretical  spring  curve 
calculations,  executed  using  the  VEHDYN  II  program,  can  be  found  in 
Enclosure  B. 


4.1.2  Configuration 

By  redesigning  the  piston  assembly  md  cylinder  components,  a 
retraction  chamber  was  created  between  the  damper  crankcase  and 
piston.  The  main  end  cap  was  modified  to  allow  an  internal  flow 
path  between  the  piston  hydraulic  cylinder  and  gas  accumulator 
cylinder  (see  Figure  2). 

When  the  retraction  chamber  is  sufficiently  pressurized,  the  load 
due  to  the  hydropneumatic  spring  is  overcome,  and  the  suspension  is 
retracted.  The  retraction  pressure  required  thus  becomes  a 
function  of  the  area  ratio  between  the  spring  piston  and  retraction 
chamber.  A  plot  of  the  two  pressures  versus  position  is  shown  in 
Figure  3 . 

Retraction  fluid  and  pressure  is  supplied  via  an  external 
connection  to  the  roadarm.  Although  the  connecting  bar  length  was 
not  revised,  a  new  connecting  bar  was  required  to  insure  that  the 
tension  loads  due  to  the  retraction  operations  were  managed. 

The  damper  assembly  and  components  were  not  altered  and  are  those 
that  were  fabricated  under  the  initial  scope  of  this  program. 


4.1.3 


Design  Parameters  -  Test  Unit 


Assembly  Drawing 
Kinematics: 

Wheel  Travel 
Static  Position 
Rebound 
Jounce 

Roadarm  Length 
Spring  Data: 

Static  Load 
Jounce  Load 

Max  Operating  Pressure 

Proof  Pressure: 

Spring  cavity 


3.5  inches  to  12.5  inches 
-9.379  inches 

-3.5  inches 

12.5  inches 
16.0  inches 

6,000  lbs. 

18,000  lbs. 

10,000  psi  adiabatic 
8,900  psi  isothermal 

15,000  psi 


Retraction  Cavity  19,000  psi 
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CADILLAC  GAGE 


FlGUUi:  2  -  TEST  UNIT  CROSS  SECTION 


:  (KPsi) 


CALCULATED  PRESSURE  CURVES 
FOR  RETRACTION  OPERATION  (MODIFIED  ISU) 


ROAD  WHEEL  POSITION  (IN) 


FIGURE  J 


Retraction  Components 

1,830  psi 

Control  Valve 

19,000  psi 

Retraction: 

Retraction  Time 

3  minutes 

Extension  Time 

30  seconds 

Retraction  Pressure 
Rebound 

5,140  psi 

Static 

6,470  psi 

Jounce  (Full 
Retraction) 

13,250  pel 

Flow  Rate  (Per  Unit) : 

Retraction  (Rebound  to 
Jounce) 

0.02  gpm 

Extend  (Jounce  to 
F.ebound) 

0 . 12  gpm 

4 . 2  Svtam  Concapt  D^aian 


4.2.1  Ratractable  Hvdropneumatlc  Suspension.  Unit 

Tha  concapt  daaign  unit's  piston  and  bora  construction  Is  similar 
In  daslgn  to  tha  unit  that  was  davalopad  for  testing,  with 
conpansatlon  mada  for  propar  vahlcle  kinematics,  l.e.  17  Inches  of 
jounce  travel,  18-inch  roadarm  length,  etc.  Retraction  supply  Is 
Internal  to  the  unit  for  protection,  with  the  connection  to  vehicle 
supply  and  check  valve  assembly  located  on  the  backside  of  the 
spindle  Inside  the  vehicle.  Per  DTRC's  request,  the  unit  is 
equipped  with  a  limit  switch,  also  located  on  the  backside  of  the 
spindle.  (See  Figure  4,  5a,  and  5b),  which  senses  when  retraction 
Is  complete  and  provides  a  signal  to  the  operator.  Water-tight 
integrity  is  maintained  by  an  o-ring  seal  located  on  the  spindle. 


4.2.2  Track  I9.ng,ifljifi.r 

The  track  tensioner  is  a  double  piston  type,  similar  to  the  track 
tensioner  design  used  on  the  U.S.  Army's  Component  Advanced 
Technology  Test  Bed  (CATTB)  program.  The  outer  piston  is  utilized 
for  conventional  grease  pack  tensioning,  and  the  inner  piston  for 
track  tensioning  during  retraction  operation.  Retraction  fluid 
supply  is  an  integral  part  of  the  tensioner  with  the  connection  to 
vehicle  supply  located  inside  the  vehicle.  Water-tight  integrity 
is  maintained  through  the  use  of  o-ring  seals  between  the  mounting 
bracket  and  vehicle  hull  (see  Figure  6} . 


4.2.3  Control  System 

When  the  suspension  system  is  to  be  retracted,  the  solenoids  on  the 
three-position,  directional  control  valve  (1)  are  energized, 
allowing  vehicle  hydraulic  supply  to  the  intensifier  (2).  with  the 
use  of  position  sensors  (3)  located  on  the  intensifier,  the  three- 
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position  valve  (1)  cycles  the  Intenslfler,  providing  high  pressure 
fluid  to  the  suspension  units  (4)  and  track  tensioner  (5)  (see 
Figure  7)  . 

Retraction  fluid  enters  each  suspension  unit  through  a  spring 
loaded  check  valve  (6)  that  has  a  differential  cracking  pressure  of 
20  pslg.  Simultaneously,  the  track  tensioner  Is  extended, 
compensating  for  the  slack  track  due  to  retraction.  When  a 
pressure  switch  (7)  In  the  retraction  circuit  opens  at  the  proper 
retraction  pressure  (Indicating  all  units  are  at  jounce  position} , 
the  directional  valve  (1)  la  de-energlzed,  thus  stopping  the 
Intenslfler.  An  accumulator  (8)  in  the  circuit  replaces  any  fluid 
lost  as  a  result  of  leakage.  If  retraction  pressure  drops  below  a 
pre-determlned  setting,  then  the  pressure  switch  (7)  closes,  which 
energizes  the  directional  control  valve  (1),  resuming  cycling  of 
the  intenslfler. 

When  the  suspension  system  is  to  be  extended,  the  directional  valve 
(1)  is  electrically  disabled  and  the  solenoid  on  the  two-position 
shut-off  valve  (9)  is  energized,  dumping  the  retraction  fluid  to 
vehicle  reservoir.  (The  solenoid  operated  shut-off  valve  (9)  is 
normally  closed  so  that  in  the  case  of  power  failure,  the  vehicle 
maintains  retraction) .  Fluid  In  the  suspension  units  Is  forced  out 
be  gas  spring  pressure  through  a  second  check  valve  (10) .  Each 
tensioner  has  a  flow  control  orifice  (11)  to  Insure  that  the  track 
la  kept  taut  throughout  the  extend  operation. 

On  subsequent  rebound  strokes  of  the  iSU'a  during  land  operation, 
the  remaining  fluid  In  the  units  Is  pumped  out  past  the  second 
check  valve  (10) .  The  spring  loaded  check  valve  (6)  prevents  fluid 
from  being  drawn  into  the  units  during  the  jounce  strokes. 

A  manual  shut-off  valve  (12)  is  provided  in  the  circuit  to  allow 
extension  of  the  suspension  units  if  a  power  failure  occurs  or  to 
allow  de-activatlon  of  the  shut-off  valve  (9)  during  long  periods 
between  retraction  operations. 


4.2.4  Weight  Summary 

The  retractable  hydropneumatic  system  weight  includes  twelve 
suspension  units,  two  track  tensioners,  high  pressure  supply, 
control  system,  fluid,  and  necessary  fittings  and  plumbing. 

Total  estimated  weight  Is  3,982  pounds  and  Is  tabulated  below: 


Description 

Suspension  Unit 
Track  Tensioner 
Intenslfler 
Control  System 


Unii; 

307  lbs 
91 


Qtv 

12 

2 

1 

1 


Total  Weight 

3,684  lbs. 
182 
20 


Total  System  Weight  3,982  lbs. 
See  Enclosure  C  for  a  detailed  weight  breakout. 
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Found  In  Enclosure  D  Is  the  test  plan  defining  the  procedure  for 
verifying  the  feasibility  of  a  retractable  hydropneumatic 
suspension  unit. 


5.2  Test  schematic 

As  stated  previously,  a  brass  board  test  circuit  was  developed 
using  standard  components  where  possible.  Figure  8  Illustrates  the 
schematic  used  for  testing  and  Figure  9  shows  the  test  fixture. 


5.3  mt  RtlUlti 

5*3.1  Tilt  CQngjqugatiQn 

The  6K  retractable  test  unit  was  mounted  on  the  universal  test 
stand  with  physical  stops  restricting  the  units  movement  In  the 
rebound  direction  to  -3.5  Inches  and  In  the  jounce  direction  to 
11.75  Inches.  Retraotlon  fluid  supply  was  provided  by  a  oommerolal 
alr/oll  Intenalfler  with  regulated  shop  air  used  as  Input. 
Pressure  transducers  were  utilized  for  registering  the  pressures  in 
the  spring  and  retraotlon  cavities.  Wheel  spindle  location  was 
recorded  using  a  LVDT. 

With  the  above  arrangement,  the  unit  was  raised  to  the  retraction 
position  and  held  at  constant  pressure  for  one  hour.  Wheel 
position,  retraotlon  pressure,  spring  pressure,  and  time  were 
monitored  and  recorded  simultaneously.  At  the  conclusion  of  each 
hour,  the  Intenslfler  air  supply  was  disconnected  and  the  control 
valve  opened,  allowing  the  unit  to  return  to  Its  rebound  position. 
This  cycle  was  repeated  twenty  times.  At  the  conclusion  of  the 
twenty  cycles,  leakage  and  pressures  were  recorded  In  accordance 
with  paragraph  5.3.5  of  the  test  plan  (see  Enclosure  C) . 

To  determine  fluid  leak  rates,  fluid  volumes  in  the  spring  cavity 
and  crankcase  were  measured  and  recorded  before  and  after  testing. 
The  variation  was  than  divided  by  the  hours  of  operation. 

Control  valve  leakage  was  determined  In  accordance  with  paragraph 
5.3.5  of  the  test  plan.  The  results  are  tabulated  In  the  test  data 
summary  sheet  (see  paragraph  5.3.4  of  this 
report) . 

5.3.2  Retraotlon/Extend  Timing 

An  Intenslfler  with  the  flow  and  pressure  characteristics  necessary 
for  Integration  Into  the  universal  test  stand  could  not  be  procured 
In  an  acceptable  time  frame.  Therefore,  a  standard  commercial 
alr/oll  Intenslfler  was  utilized  for  testing.  Although  the 
reqialred  pressure  was  satisfied,  the  reduced  flow  rate  resulted  In 
n  retraction  time  of  approximately  180  seconds,  rather  than  the  60 
seconds  outlined  In  Enclosure  A. 

A  manual  shut-off  valve  was  Incorporated  Into  the  hydraulic  circuit 
for  control  of  the  velocity  of  the  unit.  A  three-second  extend 
operation  could  be  achieved;  however,  to  Insure  adequate  data 
collection,  tests  were  conducted  with  an  extend  time  of 
approximately  30  seconds. 
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FIGURE  8  -  TEST  SCHEMATIC 


5.3.3  LtflK  Tilt  Cyglft 

As  a  result  of  the  alr/oll  Intenslfler  not  being  a  constant 
displacement  device,  the  flow  delivered  decreased  as  the  retraction 
pressure  raised.  With  the  higher  flow  rate  at  the  beginning  of  the 
oyole,  the  spring  gas  tends  to  react  toward  the  adiabatic  process, 
with  reduction  of  this  trend  as  the  unit  reaches  jounce  more 
slowly.  This  is  Illustrated  by  the  spring  and  retraction  pressure 
curves  in  Figure  lo. 

The  calculated  retraction  curve  was  derived  by  assuming  an 
isothermal  spring  process  and  increasing  the  resultant  retraction 
pressure  by  10%  to  overcome  roadarm  weight,  damper  friction,  and 
seal  friction.  This  estimate  is  based  on  previous  6K  test  data  and 
elates  to  a  2.2 il  ratio  to  spring  pressure.  As  Illustrated  in 
Figure  11,  the  measured  retraction  pressure  is  greater  than  was 
anticipated,  starting  with  an  approximate  ratio  of  2.8:1  and 
concluding  with  a  2.3tl  ratio. 

The  greater  retraction  pressure  is,  in  part,  a  result  of  the 
additional  seal  friction  in  the  retraction  cavity  and  the  weight  of 
the  added  retraction  components,  which  are  shown  in  Figure  12. 

The  reduction  in  pressure  ratios  are  owed  to  the  increasing 
mechanical  advantage  through  unit  kinematics,  which  begins  to 
overcome  the  friction  as  the  roadarm  achieves  jounce. 

When  the  unit  is  at  jounce  and  the  intenslfler  blocked  from  the 
circuit,  the  spring  gas  continues  to  cool  until  it  reaches  thermal 
equilibrium  with  the  ambient.  The  curves  shown  in  Figures  13  and 
14  reflect  this  process.  As  can  be  seen  in  Figure  15,  the 
retraction  pressure  decreases  accordingly,  maintaining  a  2.3:1 
ratio  throughout  the  sample  time.  The  position  of  the  roadarm 
versus  time  was  also  recorded  to  evaluate  drift  of  the  suspension 
unit  due  to  internal  leakage.  No  appreciable  drift 
was  noted,  as  is  illustrated  in  Figure  16.  The  extend  pressures 
were  also  recorded  for  the  retraction  chamber  and  spring  system. 
These  pressures  versus  position  are  shown  in  Figure  17. 

5.3.4  iM.t;  .Datfl ..aammflry 

Test  Unit  Number  LO-102890 

Amble  t  Temperature  294 'K  ±  lo* 

Total  No.  of  Hours  of  Operation  23  Hours 

Proof  Pressures: 


Spring  Cavity  13,000  pal 

Retraction  Cavity  15,000  psi  @  11.75  inch  position 

19,000  psi  e  6.5  inch  position 

Retraction  Components  1,830  psi(8, 514-lb  load,  tension} 

Control  Valve  19,000  psi 

Measured  Data: 


Rebound  Position 


-3.75  inches 
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Jounc«  Position 

11.75  inches 

Retraction  Pressure  (§  Jounce) 

13,254  psi 

Spring  Pressure: 

Pre-test 

Rebound  2,363  psi 

Post-test 
2,324  psi 

Static  2,804  psi 

2,756  psi 

Jounce  (11.75  inches 

and  3,000  seconds)  5,645  psi 

5,469  psi 

Volumes  t 

Spring  930  oo 

1,019  CC 

Crankcase  1,650  cc 

1,650  CC 

Leak  Rates: 

Spring  Cavity 

0  co/hr. 

Retraction  Cavity 

4.45  co/hr. 

Control  Valve 

(1)  drop/hr. 

Retraction  Pressure  (Spring  Vented) 

510  psi 

Retraction  Pressure  (Spring  Vented, 
Damper  Disabled) 

220  psi 

Breakaway  Pressures: 

Retraction  (From  Rebound) 

Retraction  Cavity 

6,431  psi 

Spring  Cavity 

2A.A.a,a..Bii 

Difference 

4,009  psi 

Extend  (From  Jounce) 

Retraction  Cavity 

5,716  psi 

spring  Cavity 

5«-223....jafll 

Difference 

487  psi 
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TECHNICAL  PROPOSAL 

LIGHT  WEIGHT  RETRACTABLE  SUSPENSION  SYSTEM 


Cadillac  Gage  Textron  (CGT)  is  pleased  to  submit  a  proposal  for  the 
design  of  a  light  weight  fully  retractable  suspension  system  for  a 
65,000  pound  tracked  amphibian  vehicle  and  for  the  fabrication  and 
testing  of  the  systems  critical  components. 

1.0  DESCRIPTION 

The  suspension/retraction  system  consists  of  6K  ISU's  modified  to 
incorporate  an  In-Arm  Retraction  Mechanism  (6K  ISU/R),  a  high  pressure 
hydraulic  power  supply,  a  control  manifold  and  valve  assembly,  track 
tensioners,  interconnecting  plumbing,  and  mounting  brackets. 

The  resultant  suspension/retraction  system  features: 

•  A  retraction  system  which  does  not  compromise  the  reliability  of 
the  self-contained  ISU. 

•  A  low  power  retraction  system  which  utilizes  the  vehicle  hydraulic 
power  supply  as  the  primary  energy  source. 

•  A  lightweight/low  cost  suspension/retraction  system  which  has  a 
minimum  impact  on  the  vehicles  interior  volume. 

•  A  capability  for  fast  extension  both  on  land  and  in  the  water. 

•  A  high  degree  of  commonality  with  the  AAV-7  Suspension  System. 

•  A  retraction  system  which  does  not  require  vehicle  hydraulic  power 
to  sustain  the  retracted  suspension  after  the  initial  retraction  of 
the  system. 


Figure  1  shows  the  road  arm  geometry  of  the  6K  ISU/R  when  mounted  on  the 
vehicle  hull  with  the  center  of  rotation  of  the  roadarm  located  10 
Inches  above  the  bottom  of  the  hull.  The  10  Inch  dimension  Is  required 
to  provide  adequate  clearance  between  the  track  and  the  ISU  In  the 
retracted  position.  An  increase  In  the  length  of  the  roadarm  from  16 
Inch  to  18  Inch  will  be  required  to  permit  the  desired  5  Inch  rebound 
travel  within  the  allowable  rotation  of  the  roadarm.  In  addition,  as 
shown  on  sheet  1  of  concept  drawing  LO-030189-1,  the  length  of  the  arm 
Is  further  Increased  to  provide  space  for  the  retraction  mechanism  which 
is  Incorporated  between  the  piston  and  the  connecting  rod  of  the  in-arm 
slider/crank. 

This  Increase  in  the  length,  as  shown  on  sheet  2  of  concept  drawing 
LO-030189-1,  mandates  that  the  minimum  spacing  between  adjacent  6K  ISU/R 
be  30.75  inch. 

During  the  design  activity,  efforts  will  be  made  to  reduce  the  4.88  inch 
and  thus  the  30.75  inch  dimensions  to  both  permit  Improved  load 
distribution  between  the  road  wheel  when  mounted  on  a  vehicle  whose 
center  of  gravity  does  not  coincide  with  the  mid-position  of  the  track 
envelope  and  to  reduce  the  weight  of  the  6K  ISU/R.  The  accumulator 
length  and/or  diameter  will  then  be  optimized  to  provide  the  required 
spring  characteristic  and  structural  properties  at  a  minimum  weight. 

A  schematic  diagram  of  the  retraction  system  is  shown  in  Figure  2.  When 
the  suspension  system  is  to  be  retracted  the  solenoid  valve  is  energized 
and  the  vehicle  engine  driven  3000  PSI  hydraulic  power  provides  pressure 
fluid  at  an  average  flow  rate  of  10.8  GPM  to  the  inlet  port  of  the 
intensifier.  The  intensifier  has  an  amplification  of  3.5  to  1.0  and 
provides  at  its  output  port  10,500  PSI  pressure  fluid  at  an  average  flow 
rate  of  2.4  GPM  to  retract  the  twelve  6K  ISU/R  and  extend  the  two  track 
tension  mechanisms  in  60  seconds.  Upon  reaching  the  required  10,500  PSI 
output  pressure,  the  intensifier  ceases  to  recycle,  the  engine  may  be 
turned  off  and  the  check  valve  in  the  high  pressure  line  and  the  two  way 
solenoid  valve  in  the  return  line  prevent  the  extension  of  the 


suspension  system.  When  the  suspension  system  is  to  be  redeployed  the 
solenoid  valve  is  de-energized  permitting  the  stored  energy  in  the 
hydropneumatic  springs  of  the  ISU's  and  in  the  track  to  pump  the  2.4 
gallons  of  fluid  In  the  retraction  system  through  the  check  valve  in  the 
return  line  back  to  the  reservoir  in  approximately  three  seconds.  The 
check  valve  in  the  return  line  on  subsequent  Jounce  strokes  of  the  ISU's 
prevents  fluid  from  being  drawn  back  from  the  reservoir  into  the 
retraction  system. 

A  preliminary  weight  estimate  for  the  suspension/retraction  is  shown  on 
Figure  3.  This  estimate  of  the  wet  weight  of  the  system  includes  all  of 
the  system  components,  plumbing,  harnessing,  and  mounting  hardware  from 
the  hull  up  to  but  not  including  the  road  wheel  required  for  the 
installation  and  operation  of  the  suspension/retraction  system.  It  does 
not  include  the  weight  of  the  vehicle  hydraulic  power  supply  or  of  the 
compensating  idler  arm. 


2.0  STATEMENT  OF  WORK 

CGT  shall  perform  a  system  design  for  a  fully  retractable  hydropneumatic 
suspension  system  for  a  tracked  amphibian  vehicle.  The  system  shall 
include  the  current  6K  ISU  modified  to  Incorporate  an  In-Arm  Retraction 
Mechanism,  an  extendable  track  tension  and  compensating  idler  arm 
mechanism,  a  high  pressure  power  supply,  a  retraction/extension  control 
system,  and  the  required  plumbing,  harnessing,  and  mounting  brackets.  A 
report  and  level  1  drawings  shall  be  generated  for  this  effort.  The 
report  will  include  an  overall  description  of  the  system. 

CGT  shall  modify  a  6K  ISU  to  incorporate  the  features  and  fabricate  a 
brassboard  high  pressure  supply  and  retraction/extension  control  system 
In  order  to  laboratory  test  the  performance,  durability,  and  reliability 
of  the  critical  system  components.  A  test  report  will  be  generated 
summarizing  this  effort  and  providing  the  test  results. 


CGT  shall  host  three  reviews  at  Its  facility  during  the  course  of  this 
effort.  Rev1<?w  dates  shall  be  at  the  approximate  50%  and  100% 

completion  of  the  design  effort  and  during  the  performance  testing  of 
the  system  critical  components.  Monthly  progress  reports  will  Include 
status  of  ISU/R. 

2.1  Installation 

CGT  shall  detail  the  means  by  which  the  host  vehicle  would  have  to  be 
modified  to  accept  the  suspension/retraction  system  Including  required 
mechanical  and  hydraulic  Interfaces.  Any  Intrusion  Into  the  vehicles 
Interior  will  be  defined  and  means  by  which  the  water  tight  Integrity  of 
the  vehicle  will  be  maintained  will  be  described. 

2.2  Vehicle  Hydraulic  System 

CGT  shall  design  the  retraction  system  to  be  compatible  with  30  wt. 
hydraulic  fluid.  Vehicle  hydraulic  requirements  will  be  defined  and 
hydraulic  hardware  unique  to  the  retraction  system  will  be  detailed  and 
a  weight  estimate  provided. 

2.3  Design  Characteristics 

CGT  shall  develop  the  design  of  the  suspension/retraction  system  to  meet 
all  of  the  characteristics  specified  in  the  SOW. 

2.4  Weight 

CGT  will  provide  a  detailed  weight  calculation  for  all  of  the  system 
components  Including  the  weight  of  that  current  hardware  which  Is 
useable  and  of  new  components.  Efforts  will  be  made  during  the  design 
activity  to  minimize  the  system  weight. 

2.5  Schedule 

A  list  of  the  tasks  to  be  accomplished  during  this  development  effort 
and  a  schedule  for  their  accomplishment  1s  shown  In  Figure  4. 


FIGURE  2. 


6K  iSU/R 


1 


CN 

T-  C\J 


•  «  •  • 


CD  r~  CO  CD 

O  00  ro 

rO 


Q  5 

LJ  00 

Ll-  Z 
LiJ 


U  y 

(V  r— 
^  00 


O 
X  o 


QQ  CD  X  m  CD 


muffi 


tii  CO 

09 
z:  ^ 


FIGURE  3. 


m 


I 

I 


o 

o 

z 

d 

'w 

z 

c 

00 

u 

Ql 


U 

U  UJ 

o 

Ui  < 

-J  Ll. 

o  y  q: 

tZ  U 
F,  Z  h- 

^S5iz  = 

lZI  »“<<</) 


ct: 

UJ 


fV  UJ  r—  ■V. 

\  ^  =1  <  X  q: 

o  -J  o  o 

^  •a:  o::  ui  >- 

00  cj  r-  < 

immm  *"  ^  H“ 

z 

to  H~  O  5 


2  Z 


CO 

>■ 

_J 

< 

z 

< 


X 

o 


00 

o 

z 

5 

< 

a: 

Cl 

=ttsG 

>  “ 
>  2 

LlJ  lj 
:>  c/1 

LJ  CO 
Qi  < 


00 

UJ 


00 


H- 

a: 

< 


y  00 

si 


00 

H-  Uj 

00  o 

-J  z 
< 
QC 


a: 

o 

X 

LU 

Q:: 


< 

a: 

Q 


UJ 

> 


UJ  <  - .  _J 


^  '  I 

cj  y 


o 


LJ  LU 
Q  O 


< 

Z 


Qi 

O 

a. 

CN  UJ 

=«=q: 

5  z 

UJ  CJ 

5  oo 

LU  UJ 

q:  q 


Ql 

P' 

< 

O 

c:: 

CD 

< 


z 

LU 

Z 

o 

X 

2 

O 

o 

-J 

< 

u 


ci: 

o 


oo 

LU 

tr 

2  ^ 

>  J6 

oo 

oS2^ 

o  2;  0. 

OD 

00  v; 

00  S 
< 

QC  > 
m  u. 

•5^ 

Si  2 

CO 
LU 
Q 


Q 

Q 

< 

LU 

< 

2 


ASSEMBLY 

TEST 

REVIEW  (INCL  WITH  REV  #2) 
TEST  REPORT 


STATEMENT  OF  WORK 


*  DESIGN  EFFORT  FOR 
RETRACTABILITY  OF  6K  ISU 


BACKGROUND 

Tht  contractor  shall  parform  a  deaign  effort  to  datcriba  and  detail  required  changes 
to  make  the  current  6K  iSU  hydropneumatio  euepaneion  system  fully  retractable.  This 
shall  allow  for  full  retraction  of  the  suspension  system,  roadwheels,  and  tracks  to  be  flush 
M  the  underside  of  a  test  vehicle.  A  report  and  Level  I  drawings  shall  be  generated  for 
this  effort. 


DESIGN  EFFORT 

The  Contractor  shall  perform  a  system  design  to  adapt  the  currant  6K  ISU  system 
to  be  a  fully  retractable  hydropneumatic  suspension.  This  design  shall  utilize  the  currently 
as*deslgned  and  bulk  in«arm  hydropneumatio  suspension  system,  striving  to  maximize  use 
of  current  hardware.  Adaptation  and  changing  of  parts  is  acceptable,  Including  the 
inersue  in  length  of  the  roadarm  housing. 

An  overall  description  of  the  hydropneumatic  system  shall  be  provided.  This  shall 
include  an  identification  of  key  parameters  such  as  operating  pressures,  roadwheel  travel 
(rebound  to  static  to  jounce),  damping  rates,  design  loadings,  structural  safety  factors, 
corrosion,  etc. 


INSTALLATION  SPECIFICATIONS 

f 

The  contractor  shall  detail  the  means  by  which  the  host  vehicle  would  have  to  be 
modified  to  accept  the  retractable  system,  including  mechanical  and  hydraulic  interfaces 
required.  A  design  shall  also  be  generated  for  attaching  the  retractable  suspension 
system  to  a  generic  vehicle  utilizing  1.25  inch  thick  aluminum  lower  sidewalls  and  bottom 
plate  and  any  additional  requirements  for  mounting.  The  requirement  for  water  tight 
integrity  is  mandated. 

I 

In  adapting  the  suspension  system,  the  Contractor  is  allowed  to  slightly  intrude  into 
ths  vehlcles’s  interior  space  with  the  suspension  units.  Any  such  requirement  of  the  hull 
for  suspension  installation  shall  be  presented  and  shall  assure  the  water  tight  integrity  of 
the  vehicle. 


DESIGN  CHARACTERISTICS 


The  Contractor  ihall  develop  a  daeign  for  the  retractabia  eyet^  to  meet  the 
eharacteristica  Hated  below; 

GROSS  VEHICLE  WEIGHT:  65,000  pounds  maximum  loaded 

(no  15%  weight  margin  required) 

TRACK  TYPE:  21  inches  wide 

Single  pin  front  sprocket  drive. 

50  pounds  per  foot  of  weight 

MAXIMUM  LAND  SPEED:  45  mph 

STATIC  VEHICLE  HULL  CLEARANCE:  16  inches  above  ground 

ROADWHEEL  DIAMETER:  24  Inches 

SUSPENSION  TRAVEL  REQUIREMENTS 

‘  STATIC  TO  JOUNCE:  17  INCHES  (all  roadwheel  stations) 

STATIC  TO  REBOUND;  4  INCHES  (all  roadwheel  stations) 

SPRING  CAPABIUTY:  3.5  G  capability  (desired) 

3.0  G  capability  (acceptable) 

SUSPENSION  DAMPENING  •  Same  as  base  contract 

DURABILITY  •  Same  as  base  contract 

MAINTENANCE  •  Same  as  base  contract 

SALT  WATER  CORROSION  •  Same  as  bass  contract 

BALLISTIC  PERFORMANCE  •  Same  u  base  contract 

NATURAL  HEAVE  AND  BOUNCE  FREQUENCY:  Same  u  base  contract 

CORROSION  PROTECTION:  Same  as  base  contract 

TEMPERATURE  EFFECTS:  Same  as  bue  contract 

DESIGN  LOADS:  Same  as  base  contract 

SUSPENSION  PARTS  AVAILABILITY:  Same  as  base  contract 

MAINTAINABILITY:  Same  as  base  contract 

TRACK  CENTERUNE  DISTANCE  TO  HULL:  12.625  INCHES 


VEHICLE  HYDRAULIC  SYSTEM 

Thfl  hydropntumgtio  luipention  shall  bt  oompatibta  with  30  wt.  hydEiulIc  fluid  uisd 
In  tha  vthicle  (u  spsoifiad  In  tht  bats  contract  Statamsnt  of  Work).  Tha’bontractor  shall 
datail  hydraulic  raquirsmsnta  that  nsad  to  bo  provided  by  the  vahlole  to  retract  the 
suspension  system.  Hardware  unique  to  the  suspension  system  shall  be  detailed  and  a 
waiqht  estimate  provided  fbr.  Required  changes,  modifications,  or  additions  to  the 
vehicles  hydraulic  systems  shall  be  detailed. 

WEIGHT 

« 

The  weight  of  the  hydropneumatic  suspension  unit,  depleted  from  the  vehicle  hull 
attachment  point  up  to,  but  not  Including  the  roadwheel,  shall  be  detailed.  Tha  weights 
computed  shall  include  roadarms,  hydropneumatic  suspension  units,  plumbing, 
suspsnsion  uriique  hydraulic  components,  track  tensioner  mechanism,  and  other 
components  needed  to  make  the  suspension  function.  The  roadwheels,  Idler,  sprocket 
and  track  shall  not  be  counted  In  the  weight  estimate.  Commonality  with  the  current 
system  shall  be  maximized.  A  detailed  breakout  shall  be  provided,  Including  weights  of 
current  hardware  that  is  useable  and  weights  of  new  components  requirsd. 

TIME  SCHEDULE 

The  Design  process  shall  require  no  more  than  four  (4)  calendar  months. 
DESIGN  REVIEWS 

The  contractor  shall  host  two  reviews  at  his  facility  during  the  course  of  this  effort. 
Scheduling  and  dates  will  be  determined.  Review  dates  shall  be  at  the  approximate  50% 
and  100%  completion  points. 

DESIGN  REPORT 

The  Contractor  shall  prepare  a  Design  Report  (same  format  u  CDRL  AOIO)  bued 
upon  the  design  and  findings  during  this  effort  The  report  shall  be  due  150  days  after 
award  of  modification.  Included  In  me  report  wlli  be  Level  I  Engineering  and  Associated 
Drawings  (same  as  Sequence  Number  AOOl)  fbr  all  major  oomponents  of  the  suspension 
ayitem,  suspension  units,  and  other  oomponenta  required.  TWo  copies  (reproduced 
copies  are  aooeptable)  of  each  pertinent  drawing  shall  be  provided  at  the  Final  Design 
Review. 

PROGRESS  REPORTING 

Shall  be  reported  In  current  Monthly  Progress  Reports 
(Sequence  Number  A01B). 
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^ISTON  BORE  » 

OlAMETER  (IN.)-  3.5 

»REA  ilN.'a)"  «9, 621119 
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SUSPlKtXOll  tJMZT 

DSSCRZfTXON  WBiaKT,  LBS 


Splndla,  Roadam 

53.40 

Splndla,  vmaal;  Vahlcle 

7.56 

Pin,  Spindla,  Torqua 

0.39 

Platon,  Actuator 

8.15 

Cap,  Platon,  Actuator 

0.57 

Bearing,  Cbnnaoting  Bar 

0.27 

Ring,  Ratalnar,  Connecting  Bar 

0.04 

Connecting  Bar  Aaaenbly 

4.90 

Ring,  aiyd 

0.04 

Seal,  Platon,  Actuator 

0.02 

Rlno,  Bxpanalon,  Actuator  Platon 

0.30 

Spring,  Conpreaalon  Seal 

0.05 

Ring,  Spacer 

0.17 

Spacer,  Seal 

0.43 

Valve,  on  Fill 

1.60 

Diaphragm,  Aooiunulator 

0.20 

Cover,  Accumulator 

3.12 

End  Cap,  Accumulator 

3.67 

End  Cap,  Roadam 

5.32 

Screw,  Valve 

0.07 

Stem,  Valve 

0.02 

Plug 

0.02 

Screw,  Cap,  Hex  Head 

0.02 

Screw,  Cap,  Hex  Head 

0.06 

Screw,  Flat  Head,  Hex  Socket 

O.OB 

Cam,  Pump 

1.39 

Screw,  Cap,  Hex  Head 

0.01 

Roadam 

109. BO 

Cover,  Torque 

19.22 

Plug,  Hollow  Hex,  0-rlng 

0.02 

Plug  and  Bleeder 

0.02 

Pin,  Drive 

0.35 

Retainer,  Bearing 

2.24 

Shim,  Bearing  Retainer 

0.26 

Platon,  Damper 

3.01 

Ball.  Check  Valve 

0.10 

Spring  Guide,  Check  Valve 

0.05 

Seat,  Check  Valve 

0.08 

Spring,  Check  Valve 

0.02 

Seal,  Crankcaae  oil 

0.01 

Seal,  Connecting  Bar 

0.01 

Pin,  Connecting  Bar 

1.58 

Diac,  Stator  Astvembly 

1.69 

Diao,  Rotor 

5.51 

Race,  Inner 

0.05 

Race,  Outer 

0.05 

Platon,  Pump 

0.24 

Retainer,  Damper 

7.21 

Stator,  Damper 

2.44 

Spool,  Relief  Valve 

0.07 

Sleeve,  Relief  Valve 

0.36 

Spring,  Relief  valve 

0.02 

spring  Guide,  Relief  Valve 

0.01 

Screw,  Cap,  Hex  Hoad 

0.05 

Sleeve,  High  Preaaure 

7.42 

c-a 


DflSCRZPTZOM  WBIOHZ,  LBS 


Sle«v«,  R«traction 

5.57 

covar,  charga  Valva 

0.43 

Screw,  Socket  Head 

0.01 

Spring,  Damper 

0.35 

Sleeve,  Pleton 

2.58 

Pin,  Stator 

O.OS 

Hub  Aeeombly,  Roadwheal 

24.84 

Fluid 

7.00 

TOTAL  UNIT  WEIGHT 

307.47 

TRACE  TIMBIOMBR 

DIBCRZPTZON 

WEIGHT,  LBS 

Sleeve,  Housing 

27.23 

Piston,  Outer 

11.40 

Piston,  Inner 

• 

17.49 

Bushing,  Pin 

1.75 

Pin,  Pivot 

6.53 

Gap,  Pin 

.62 

Bracket,  Tensioner 

18.09 

Housing,  Bearing 

4.85 

Bearing,  End  Cap 

1.26 

Screw,  Bracket 

1.37 

Fluid 

0.40 

TOTAL  UNIT  WEIGHT 

90.99 

CONTROL  SYSTEM 

DISORZPTIOM 

WEIGHT,  LBS 

Cycle  Valve 

3.50 

Control  Valve 

3.50 

Pressure  Switch 

2.50 

Accumulator 

13.00 

Check  Valva  (24) 

10.00 

ManuSl  Valve 

4.00 

DESCRIPTION 

WEIGHT,  LBS 

Tubing 

21.00 

Fittings 

5.00 

Limit  Switches 

3.00 

Manifold 

30.00 

Fluid 

0.70 

TOTAL  SYSTEM  WEIGHT  96.20 

INTBMSXriBR  UNIT  WBIGHT  20.00 


0-3 


IMOLOfUM  D 
Tfl8T  PLAM 


D-1 


Contract  No.  N00167-88-G-0024 
Projaot  No.  750-295 

6X  ISU  MODIFIED  FOR  RETRACTION 
DBTBLOFMENT  TEST  FLAN 

1.0  PURFOBB 

Tha  purpoaa  of  this  plan  la  to  define  the  test  procedure 
used  In  demonstrating  the  principle  of  a  retractable 
hydropneunatlo  auepenslon  unit  for  use  on  tracked 
military  vehicles. 


2 . 0  UNIT  DB8CRIPTX0M 

The  test  specimen  Is  a  current  production  6K  ISU  modified 
to  Incorporate  the  retraction  feature. 


3 . 0  PNB-TBST  INSPECTION 

3 . 1  Dimensional 

All  new  and  modified  parts  are  to  be  dimensionally 
inspected  and  recorded. 

3 • 2  Photographs 

All  new  and  modified  parts  are  to  be  photographed  for 
record  purposes. 


4 . 0  A88BMBLY 

All  parts  shall  be  cleaned  per  Cadillac  Gage  cleaning 
procedure  and  assembled  in  a  clean  environment.  CAUTION: 
The  roadarm  is  not  to  be  allowed  to  travel  below  the  3.5 
Inch  rebound  position.  This  would  result  in  damage  to 
the  Internal  components. 


5.0  TEST  PROCBDURB 

5.1  Proof  Pressure 

5.1.1  Spring  Cavity 

The  unit  shall  be  fully  assembled  except  the  gas  spring 
cavity  shall  be  filled  with  oil.  Apply  an  external  load 
to  the  wheel  spindle  of  the  unit  at  the  jounce  position 
such  that  the  pressure  in  the  gas  cavity  raises  to  15,000 
pslg.  Maintain  this  pressure  for  5  minutes.  There  shall 
be  no  evidence  of  leakage  of  permanent  dietortion. 

5.1.2  Retraction  Cavity/Control  Valve 

with  the  spring  cavity  filled  with  oil  and  the  unit  at 
the  jounce  position,  pressurize  the  retraction  cavity 
until  the  pressure  raises  to  19,000  psig.  Maintain  this 
pressure  for  5  minutes.  Thera  shall  be  no  evidence  of 
leakage  or  permanent  distortion.  The  control  valve  is  to 
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be  pressurised  to  19,000  pslg  and  held  for  5  minutes. 
There  shall  be  no  evidence  of  leakage  or  permanent 
distortion. 


5.2  Retraction  Component  Proof  Load 

With  the  gas  spring  cavity  vented  to  atmospheric  and  the 
unit  in  the  jounce  position  with  further  upward  movement 
restricted,  apply  a  pressure  of  1,830  ±20  psig  to  the 
retraction  cavity  and  hold  for  5  minutes.  There  shall  be 
no  evidence  of  permanent  distortion  in  the  components. 

5 . 3  Retraetien  Operation 

5.3.1  Retraot 

While  applying  pressure  to  the  retraction  cavity,  measure 
and  record  the  pressure  of  the  retraction  cavity,  wheel 
position,  gas  spring  pressure,  and  damping  pressure  from 
**3.5  inches  spindle  location  to  ±12.5  inches  spindlt^ 
location.  This  retraction  operation  is  to  be 
accomplished  in  approximately  3  minutes.  This  position 
to  be  held  for  one  hour. 

8.3.2  extend 

While  releasing  the  pressure  to  the  retraction  cavity, 
measure  and  record  the  pressure  of  the  retraction  cavity, 
wheel  position,  gas  spring  pressure,  and  damping  pressure 
from  ±12.5  to  -3.5  inch  spindle  location.  This  operation 
to  be  accomplished  in  approximately  30  seconds. 

5.3*3  Retraction  Operation  Repeat 

Paragraphs  5.3.1  and  5.3.2  to- be  repeated  twenty  times. 

5*3.4  Video  Tape 

Three  retraction  and  three  extend  operations  are  to  be 
video  taped  and  provided  to  DTRC  with  the  final  report. 

5.3.5  Leak  Test  Cyole 

Upon  completion  of  Paragraph  5.3.3,  the  unit  is  to  be 
retracted,  the  intensifier  blocked  from  the  system,  and 
the  tank  port  of  the  control  valve  vented  to  atmosphere. 
This  retraction  mode  to  be  held  for  ona  hour.  Measure 
and  record  the  pressure  of  the  retraction  cavity,  wheel 
position,  gas  spring  pressure,  and  leak  rate  from  control 
valve. 

Upon  completion,  open  the  control  valve  and  allow  the 
unit  to  extend  to  the  rebound  position.  Measure  and 
record  the  pressure  of  the  retraction  cavity,  wheel 
position,  and  gas  spring  pressure. 

Prior  to  disassembly  for  inspection,  the  fluid  in  the 
spring  and  crankcase  is  to  measured  and  recorded. 

5.4.1  Visual  Inapeotion 
All  parts  shall  be  visually  inspected. 

5.4.2  Dimensional  inspection 
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All  new  and  modified  parts  are  to  be  dimensionally 
Inspected  and  measurements  recorded. 

5.4.3  8  anmary 

A  suninary  of  the  Inspection  shall  be  made  to  include  any 
change  in  appearance  or  dimension  of  parts. 
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United  States  Marine  Corps 
Arophibian  Vehicle  Test  Branch 
Camp  Pendleton,  California  92055-5080 

8410/89020C 

AVTB-6 

From:  Head,  Amphibian  Vehicle  Test  Branch,  Camp  Pendleton,  CA 
To:  Program  Manager,  Advanced  Amphibious  Assault, -Marine  Corps 

Research,  Development  and  Acquisition  Command 

Subj :  INTERIM  TEST  REPORT  ON  THE  HYDROPNEUMATIC  SUSPENSION 
SYSTEM  (HSS)  FOR  THE  AAV7A1  FAMILY  OP  VEHICLFS 

Ref:  (a)  Program  Manager,  Advanced  Amphibious  Assault,  Itr  ser 

409/MOB  of  26  Sep  90 

End:  (1)  Advanced  Demonstration  Test  Plan  for  a  Hydropneumatio 
Suspension  System  (HSS)  mounted  on  an  Assault 
Amphibian  Vehicle  (LVTPX-12)  of  6  Aug  90 

1.  In  this  Interim  Report  and  in  accordance  with  the  reference, 
AVTB  has  summarized  the  results  of  HSS  Testing  since  tbs  restart 
of  the  program  27  Apr  90.  The  enclosure  is  the  guiding  document 
for  testing  and  is  included  for  informational  purposes. 

2.  The  following  is  an  overview  of  the  major  results, 
conclusions  and  recommendations' at  this  point  in  HSS  testing. 

3.  Ride  Quality:  Subjectively,  the  HSS  equipped  vehicle 
(HSS/AAV)  provides  a  smoother  ride  than  the  standard  AAV.  AVTB 
has  not  collected  sufficient  hard  data  to  verify  this  contention. 

4.  Vehicle  Land  Speed:  The  HSS/AAV  is  slower  than  the  standard 
AAV  when  traveling  over  packed  sand  and  pavement. 

5.  Water  Operations/ Amphibious  Shipping:  HSS  does  not 
negatively  impact  surf  transit,  water  operations  or  amphibious 
shipping  capabilities  of  the  AAV.  However,  as  a  maintainability 
concern,  the  return  (support)  roller  hubs  were  constantly  being 
contaminated  by  water  operations. 

6.  Maintainability: 

a.  Because  oil  and  nitrogen  leaks  occur  whether  the 
vehicle  is  operating  or  sitting  idle,  checking  and 
adjustment  are  required  at  much  shorter  intervals  than 
indicated  in  the  test  plan. 

b.  The  H.SS  unit  crankcase  seals  are  destroyed  by  dirt, 
water  and  the  resulting  corrosion. 

c.  In  some  cases,  the  dowel  pins  in  the  HSS  hull  flanges 
have  backed  out  of  the  flanges.  This  reduces  the 


ability  of  the  HSS  unit-to-hull  connection  to  resist 
the  torque  of  normal  suspension  action. 


d.  The  MSS  units  cannot  be  removed  or  installed  in  the 
pressurized  condition;  which  means  the  maintenance  cart 
must  be  present  to  pressurize  the  units  after 
installation. 

e.  The  HSS  units  are  extremely  difficult  to  install 
without  the  crane  on  the  maintenance  cart. 

f.  The  track  cannot  be  connected  unless  the  #2  HSS  unit  is 
unpresBurlzed. 

7.  Conclusions:  The  HSS  in  its  current  configuration  is  a 
failure  due  to  its  negative  impact  on  vehicle  land  speed  and  on 
vehicle  maintainability. 

8.  Recommendations:  Further  testing  of  the  current  HSS 
configuration  will  be  very  difficult  as  AVTB  has  no  more  spare 
rebuilt  units  and  moat  of  the  units  currently  installed  are 
leaking  both  oil  and  nitrogen. 

The  HSS  concept  holds  promise  for  eventually  improving  cross 
country  ride  quality  and  speed.  However,  to  reduce  the 
maintainability  problems  and  improve  the  vehicle  ride  height 
response  to  changing  vehicle  weights,  the  next  HSS  effort  should 
concentrate  on  an  active  or  so-called  "smart"  suspension  with  on¬ 
board  sensors,  microprocessors  and  compressors  which  would 
continuously  monitor  and  adjust  suspension  characteristics  to 
compensate  for  changing  speed,  en'v^ronmental  and  weight 
conditions. 


.  M.  MERRIETT  III 


Subj ;  INTERIM  TEST  REPORT  ON  THE  HYDROPNEUMATIC  SUSPENSION 

SYSTEM  (HSS)  FOR  THE  AAV7AI  FAMILY  OF  VEHICLES 


1.0  PORPoag ;  Tha  purpose  of  this  document  Is  to  provide 
Information  on  the  tesulte  of  HSS  Testing  from  the  restart  of 
testing  27  April  1990,  through  15  Novembsr  1990. 

2.0  axcKgRQPNPi  HSS  Testing  on  the  PX1210  vehicle  originally 
began  on  3  November  1989.  Because  of  a  tendency  for  the 
suspension  units  to  remain  in  the  retracted  position,  the  vehicle 
was  shipped  baoX  to  the  contractor  for  rework  of  the  shock 
absorber  fluid  orifices  on  4  January  1990.  After  returning  to 
AVTB,  the  vehicle  was  equipped  with  an  Enhanced  Applique  Armor 
Kit  (EAAK) .  Testing  was  restarted  on  27  April  1990,  and  all 
previous  test  results  were  invalidated. 


3.1  RiDB  QOALlTYf  The  ability  of  a  tracked  vehicle  to 
transit  cross  country  terrain  without  degrading  embarked  troop 
performance  is  paramount  to  the  mobility  and  survivability  of  the 
FMF. 

3.1.  a  pgRPQSB .  Testing  of  this  system  parameter  shall 
provide  a  quantification  of  the  ride  quality  that  this  system 
possesses  versus  a  conventional  AAV  with  a  torsion  bar/shook 
absorber  suspension  system. 

3.1. b  MHTHQD.  A  test  matrix  should  be  established  to 
me'asure  Input  Power  Levels  taken  for  the  following  variations  in 
vehicle  configuration: 

(1)  Measurements  taken  on  the  modified  AAV/HSS 
versus  Baseline  AAV7A1. 

(2)  Measurements  taken  at  Troop  Compartment  floor 
and  Driver's  Position. 

(3)  Measurements  for  vehicle  weight  conditions  A 
and  B  (53,500  and  58,100  pounds) 

Over  a  set  terrain  profile  to  be  established 
at  AVTB,  the  different  test  oonfigurations  will  be  run  with  the 
dual  accelerometfir  data  of  input  power  levels  being  recorded. 

The  vehicles  shall  enter  and  maintain  pre-determined  speeds  in 
the  test  profile.  Each  test  duration  shall  be  of  2  minutes  or 
less. 

3.1. C  RESULTS.  The  ride  quality  instrumentation 
provided  to  AVTB  was  inoperable  and  inadequate.  AVTB  is 
developing  its  own  ride  quality  instrumentation  and  data 
collection  capability  which  will  be' used  in  subsequent  testing. 


Two  sets  of  instrumentation  will  be  used  so  that  the  HSS/AAV  and 
the  standard  AAV  can  be  run  simultaneously  at  identical  speeds 
and  over  identical  terrain  paths.  This  will  provide  a  true 
comparison  between  the  input  power  levels. 

3.2  GROSS  CQUMTRY  TB8T  G0DR8B  TRANSIT,  TIIH! t  The 
survivability  and  mobility  of  a  tracked  combat  vehicle  is 
dependent  on  its  ability  to  transit  cross  country  terrain  in  the 
shortest  possible  time,  within  the  human  and  vehicle  limits  of 
absorbing  terrain  Induced  loads. 

3. 2.  a  PORPQSB t  This  test  shall  provide  data  on  the 
time  required  and  comparability  of  different  suspension  equipped 
vehicles  to  transit  cross  country  terrain,  allowing  the  vehicle 
driver's  endurance  and  tolerance  limits  to  dictate  speed  and  time 
required  for  translttlng  the  course. 

3.2. b  MBTHOD!  The  modified  and  baseline  vehicles 
shall  be  operated  over  a  cross  country  test  course  established  at 
AVTB.  Minimum  time  required  to  transit  the  course  shall  be 
recorded  for  each  vehicle.  Interim  times  shall  be  measured 
through  sections  of  the  course  dependent  on  terrain  to  be  crossed 
(sandy,  hill  climb/desoent,  washboard,  etc.). 

Two  vehicles  shall  be  used:  a  baseline  AAV  (with  no 
other  suspension  test  components)  and  the  AAV/HSS.  Two  vehicle 
crews  (total  of  four  different  drivers)  shall  be  utilized,  taking 
turns  driving  each  vehicle,  twice  In  each  direction,  through  the 
test  course.  The  drivers  shall  operate  the  vehicles  at  safest 
maximum  possible  speed. 

Tests  should  be  conducted  for  both  weight  conditions. 

Ho  other  test  instrumentation  is  required. 

3.2. C  RB8PLTS!  This  test  has  not  been  conducted. 

3.3  AMPHIB1008  COMPATIBILITY;  Force  projection  and 
amphibious  deployments  are  required  attributes  for  USMC  tracked 
amphibious  vehicles.  All  systems  utilized  on  this  type  vehicle 
must  be  compatible  with  amphibious  shipping  and  surf  operations. 

3. 3.  a  PORPQSB!  The  ability  to  embark  and  disembark 
amphibious  shipping  shall  be  demonstrated  to  validate 
compatibility  with  normal  vehicle  operations.  Secondly,  the 
vehicle  must  be  able  to  operate  within  and  transit  the  surf  zone. 

3.3. b  MBTHOD!  In  conjunction  with  other  AAV  am¬ 
phibious  ship  operations,  the  AAV/HSS  shall  embark  and  disembark 
amphibious  ships  when  the  opportunity  is  made  available. 

The  vehicle  shall  be  tested  at  weight  conditions  A  and 
B.  Weight  condition  A  is  the  first  test  priority. 


It  shall  be  attempted  to  embark  and  disembark  the  ship 
at  each  weight  condition  three  times. 

The  vehicle  shall  be  operated,  parked  and  secured  in 
different  ship  areas  to  evaluate  compatibility  and  safety 
concerns,  including  "dogging  down"  of  vehicle  for  the  duration  of 
a  Fire  Watch  period. 

The  vehicle  shall  be  water  towed  and  recovered  (with 
track  intact)  onto  amphibious  shipping. 

The  vehicle  should  be  operated  in  the  surf  zone  (to 
safe  and  maximum  extent  possible,  high  surf  desired)  in 
conjunction  and  commensurate  with  other  AAV  surf  operations. 

3.3.0  RBflnLTSl 

t 

(1)  PX1210  weighted  to  58,100  pounds  successfully 
embarked  and  disembarked  an  LST  ballasted  to  18  feet  with  a  ramp 
angles  of  11  degrees. 

(2)  PX1210  weighted  to  58,100  pounds  was  "dogged 
down"  in  the  LST  for  13  hours.  The  results  indicate  that  the 
HSS/AAV  is  not  negatively  impacted  by  this  procedure.  Vehicle 
heights  were  as  follows: 
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(3)  The  only  towing  test  was  conducted  through 
the  surf  zone  with  PX1210  successfully  towing  an  AAVP7A1  stern  to 
bow  and  stern  to  stern. 

(4)  Surf  operations  included  3  successful 
outbound  and  inbound  transits  of  the  surf  zone,  wave  height  was 
less  than  6  feet. 

3.4  VSHICLB  HANPLINQ  COMPARISON  TBSTBl  All  changes  and 
improvements  to  the  AAV  family  must  be  done  so  without  sacri¬ 
ficing  or  degrading  current  vehicle  performance. 

3. 4. a  PURPOSE:  comparative  testing  of  the  operation 
and  handling  qualities  of  this  modified  vehicle  versus  a  standard 


Note:  Because  the  standard  AAV  at  58,070  pounds  only  achieved 

28.0  mph  maximum  speed,  the  elapsed  time  for  the  HSS/AAV  at 
58,100  pounds  to  roach  28.0  mph  is  listed  for  comparison. 


The  results  are  inconsistent  in  that  the  HSS/AAV 
had  greater  acceleration  at  the  heavier  weight  condition  while 
the  standard  AAV  lost  acceleration.  The  loss  of  acceleration 
with  increasing  vehicle  weight  would  be  the  normal  expectation. 

(2)  AVTB  conducted  panic  stop  tests  on  a  paved 
road  at  both  weight  conditions  on  the  HSS/AAV  and  the  standard 
AAV.  The  test  series  at  88  ,100  pounds  was  oonduoted  first  with 
skidding  of  the  vehicle  allowed,  in  reviewing  the  video  tapes  of 
this  test  it  was  notioed  that  the  final  drives  of  the  standard 
AAV  were  contacting  the  road  surface.  The  HSS/AAV  burned  its 
brakes  after  6  panic  stops.  When  the  test  was  repeated  at  53,500 
pounds,  the  definition  of  a  panic  stop  was  refined  to  stopping  as 
rapidly  as  possible  without  skidding  the  vehicle.  Also,  a 
cooling  down  period  of  20  to  30  minutes  with  engine  idling  was 
scheduled  between  test  runs.  The  following  is  a  summary  of  30-0 
mph  panic  stop  braking  distances: 
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The  results  indicate  that  at  the  lighter  weight 
condition  the  HSS/AAV  stops  more  quickly  than  the  standard  AAV. 
Because  the  brakes  on  the  HSS/AAV  were  In  the  process  of  falling 
during  the  heavier  weight  tests,  comparing  braking  distances  is 
questionable.  It  was  clear,  however,  that  the  HSS/AAV  stops  in  a 
more  controlled  manner  as  far  as  forward  pitching  is  concerned, 
especially  whan  the  vehicle's  tracks  are  locked  in  a  skid. 

(3)  Attempts  at  performing  a  slalom  test  on 
packed  dirt  have  proven  to  be  difficult  because  of  the  problem 
with  maintaining  a  constant  speed  while  turning.  The  vehicle's 
drive  train  causes  a  loss  of  engine  speed  proportional  to  the 
degree  of  steering  input.  The  tight  turns,  steering  corrections 


tative  and  quantitative. 

3.4.b  METHOD 8  Th«  following  testa  shall  be  performed 
with  the  vehicle  In  weight  condition  A  and  video  coverage  shall 
document  vehicle  operations: 

(1)  Accelerate  the  vehicle  from  0-30  mph  on  a 

hard  surface. 

(3)  Decelerate  the  vehicle,  In  a  panic  stop  mode, 
from  30  mph  to  a  stop  on  a  hard  surface. 

(3)  Operate  the  vehicle  through  a  slalom  course 
that  provides  0.3g,  0.5g  and  0.7g  turns  at  10,  20  and  30  mph  on  a 
packed  dirt/hard  surface. 

(4)  Operate  the  vehicle  in  the  boat  basin 
adjacent  to  AVTB  and  In  the  surf  zone  of  Camp  Pendleton  beaches 
with  waves  up  to  6  feet  high. 

(5)  All  of  the  above  conditions  shall  be  repeated 
at  weight  condition  B. 

(6)  Equivalent  testing  shall  be  performed  with 
the  baseline  AAV7A1  at  equivalent  weight  conditions. 

3.4.0  RBSDLTSl 

(1)  AVTB  conducted  acceleration  and  top  speed 
tests  on  a  paved  road  at  both  weight  conditions  on  the  AAV/HSS 
and  at  53,500  pounds  on  the  standard  AAV  vehicle.  Results  from 
previous  Enhanced  Applique  Armor  Kit  (EAAK)  Testing  with  a  10,000 
pound  cargo  load  (58,070  pounds  total)  will  be  used  for  58,100 
pound  data  on  the  standard  AAV  vehicle.  The  following  Is  a  sum¬ 
mary  of  0  -  30  mph  acceleration  times  and  top  speeds: 
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and  diraction  changes  of  the  current  standard  test  procedure  (see 
Annex  A)  make  achieving  and  maintaining  a  smoothly  alternating  G- 
Force  on  the  vehicle  almost  impossible.  The  requirements  at  30 
mph  were  deleted  as  the  AAV/HSS  could  not  achieve  this  speed. 
Also,  the  slalom  course  length  was  reduced  by  half  because  of 
size  limitations  at  the  Camp  Pendleton  test  site.  The  results  of 
AVTB's  slalom  testing  are  summarized  In  the  following: 
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The  Inability  to  maintain  the  test  parameters  of 
constant  speed  and  Q-Force  caused  postponement  of  further 
testing. 


(4)  The  HSS/AAV  has  been  successfully  operated  In 
the  boat  basin  and  through  surf  less  than  6  feet  high,  surf 
heights  of  6  feet  or  greater  have  not  been  available  at  Camp 
Pendleton.  A  smooth  water  top  speed  has  not  been  measured. 

3.S  BAiitiKB_viMlOLM  MaoiMMiKTii  New  Improvements  and 
ohanoes  must  not  prevent  the  vehicle  from  performing  to  Its 
original  design  specifications.  This  series  of  testing  will 
validate  that  the  HSS/AAV  vahlole  still  meets  the  baseline 
requirements  of  the  AAV7A1>  as  detailed  In  the  Developmental 
Testing  III  (DT-III)  Test  Requirements. 

3.S.a  TMKQH-QRQSlINa  TMT 

3.5.a.l  PURPQiB t  To  demonstrate  that  the  test 
vehicle  can  cross  a  trench  up  to  four  feet  deep  and  eight  feet 
wide. 


3. 5. a. 2  tumififii 


(1)  Add  weights  to  the  test  vehicle  to 
achieve  53,500  pounds. 

(2)  Slowly  drive  the  test  vehicle  over  the 
required  eight  foot  wide  by  four  foot  deep  trench. 

(3)  Document  the  test  with  video  or  still 
photography,  as  appropriate. 

(4)  Repeat  for  test  vehicle  weight  of  58,100 


pounds. 


weights . 


(5) 


Repeat  for  baseline  AAV7A1  at  equivalent 


3. 5. a. 3  RESaLTS; 


(1)  AVTB  utlllzad  an  aarthan  tranch  for  thia 
taat  which  maaaurad  approximataly  8  faat  wlda  by  4  faat  daap. 

(2)  Tha  KSS/AAV  and  tha  standard  AAV  auo- 
oaaafully  travaraad  tha  tranoh  at  both  53,500  and  59,000  pounds. 

3.5.b  VBRTieLM  OBSa^ACLl  TlflTl 

3.S.b.l  PURgoan  Tha  purpoaa  of  this  taat  Is  to 
danonatrata  that  tha  taat  vahlola  can  aoala  a  36  Inoh  vartlola 
obataola. 


3.5.b.2  MBTHQPt 


(1)  Add  walghts  to  tha  tost  vahlola  to 
aohlava  53,500  pounds. 

(2)  Slowly  drlva  tha  vahlola  ovar  tha  ra- 
quirad  36  Inch  vartlola  obataola. 

(3)  Doounant  tha  taat  with  vldao  or  still 
photography  as  approprlata. 


pounds. 


(4)  Rapaat  for  taat  vahlola  waight  of  58,100 


(5)  Rapaat  for  basal Ina  AAV  at  both  walghts. 


3.5.b.3  RBSPLTlt 


(1)  AVTB  utllizsd  tha  vartlola  and  of  a 
oonorate  truck  loading  ramp  that  la  axaotly  36  Inohaa  high  for 
this  tast. 


(2)  Tha  HSS/AAV  and  tha  standard  AAV 
auocassfully  travaraad  tha  vartlola  obataola  at  both  53,500  and 
59,000  pounds. 


3.5.0  SflRRQilOm 

3. 5. 0.1  PURPOSE!  Tha  purpoaa  of  this  obsarvatlon 
la  to  datamina  any  araaa  of  tha  tast  Itains  that  ars  auaoaptlbla 
to  corrosion. 


3. 5. 0.2  METHOD! 

(1)  During  tasting,  obaarva,  analyza  and  ra- 
cord  Buapanalon  fallurea  auspeotad  of  balng  dua  to  corrosion. 

(2)  Observe  and  report  any  areas  suffering 

corrosion  effects. 


3.5.C.3  RESULTS : 


(1)  According  to  the  Cadillac  Gage  Textron 
Statun  Report  of  15  May  1990,  contaminant  intrusion  and  rust  for¬ 
mation  at  the  primary  oil  seal,  with  the  resultant  deterioration 
of  the  seal,  are  allowing  the  external  leakage  of  the  fluid  and 
nitrogen  gas  pressure  from  the  suspension  unit's  orankoase.  At 
the  last  check  of  crankcasa  pressures  on  18  Oct  1990,  nine  of  the 
twelve  units  had  lost  all  crankcase  pressure.  Of  these  nine, 
three  units  would  not  hold  pressure  after  being  recharged. 

(2)  The  low  pressure  protection  plug  hex 
socket  fills  with  rust  and  must  be  removed  with  a  pipe  wrench. 

(3)  The  rcadwheel  hub  oil  flll/draln  plugs 
tend  to  seize  in  the  threade  and  then  the  hex  socket  gets 
stripped  during  removal  attempts. 

(4)  The  orankoase  cover  bolts  and. locking 

tabs  are  rusting. 

(8)  The  high  pressure  bleed/ fill  port  cover 
and  the  bolts  which  hold  It  are  rusting.  The  screws  are  being 
replaced  with  stainless  steel  screws  during  pressure  checks.  In 
one  case,  the  plugs  under  the  cover  were  badly  rusted. 

3.5.d  QLIMMIC  TBBTIMflt 

3.5. d.i  PURPOttitt  The  purpose  of  this  test  phase 
Is  to  Identify  any  aspects  of  the  test  Items  (or  test  vehicle 
installation)  that  are  susceptible  to  Improper  operation  during 
extremes  in  ambient  operating  temperatures. 

3.5. d.2  METHOD t  It  Is  recommended  that  the 
vehicle  and  operation/maintenance  crew  be  deployed  to  test 
regions  where  500  miles  of  hot  desert  testing  (100*  to  125*F}  and 
500  miles  of  arctic  testing  (-25*  to  O'F)  can  be  accumulated 
during  the  time  period.  During  testing,  observe,  analyze  and 
record  suspension  failures  suspected  of  being  due  to  the  environ¬ 
ment.  Obnerve  and  report  any  operational  aspects  suffering 
environmental  effects.  Conduct  of  baseline  testing  shall  be 
accomplished  to  the  maximum  extent  possible. 

During  this  testing,  vehicle  weight  should  be 
varied  among  weight  conditions  A  and  B  for  the  recommended 
percentages  of  operating  time.  Any  adverse  or  beneficial  impacts 
to  vehicle  performance  as  a  result  of  weight  changes  should  be 
noted. 


Added  to  this  explanation  of  test  methods  for 
climatio  testing  is  the  following  excerpt  from  page  4  of  the  6 
Aug  1990,  HSS  Test  Plan: 


Test  3.3.1 


Ride  Quality 


Cross  Country  Test  Course 

Test 

3.3.2 

Vehicle  Handling  Comparison 

Test 

3.3.4 

Baseline  Vehicle  Requirements 

Test 

3.3.5 

(a,  b. 

e,  f) 

Design  Requirements 

Test 

3.3.6 

(a,  b, 

c,  d. 

RAM-D  Tests  (800  Miles) 

Test 

3.3.7 

3.s.d.3  amxiXJii 

(1)  Hfl.t  Wtathir-Jiltingt  AVTB  conducted  hot 
weather  teetlng  at  aaveral  desert  sites  at  the  Twentynlne  Palms 
Marine  Corps  Base  from,  18  Aug  1990  to  10  Sep  1990.  Temperatures 
exoseding  100 ‘F  were  Inconsistent.  Logistical  support  was  dif¬ 
ficult  because  of  the  heat,  the  rugged  terrain  and  the  distance 
from  AVTB.  Sharp,  fist-sized  rooks  and  the  overall  ruggedness  of 
the  terrain  were  hard  on  the  final  drives  and  suspension 
components  of  both  the  HSS/AAV  and  the  standard  AAV.  The  HSS/AAV 
logged  17_1  miles  and  li  hours  during  hot  weather  testing.  The 
standard  AAV  achieved  191  miles  and  hours.  The  following  is  a 
summary  of  the  hot  weather  test  results. 

(a)  Ride  Quality t  Data  was  taken  for 
the  HSS/AAV  at  83,800  pounds,  but  no  comparison  data  was  taken  on 
the  standard  AAV  because  of  interfering  test  events.  Therefore, 
the  data  taken  is  meaningless. 

(b)  Cross  Country  Test  Course t  The 
only  observation  is  qualitative;  the  drivers  who  drove  both 
vehicles  over  the  desert  cross  country  course  stated  that  the 
HSS/AAV  provided  a  smoother,  more  controlled  ride  than  the 
standard  AAV. 


(o)  Vehicle  Handling  Comparison  Test: 
The  only  desert  testing  done  from  this  category  was  an  attempt  at 
slalom  testing. 


(d)  Baseline  Vehicle  Requirements: 

None  of  these  tests  were  conducted  in  the  desert. 

(e)  Design  Requirements:  Fluid  and  gas 
level  checks;  the  following  is  a  list  of  the  fluid  and  gas  level 
checks  made  during  hot  weather  testing: 


Th«t«  r««ults  plus  numerous  dally  log 
entries  noting  oil  seepage  from  the  low  pressure  crankcase  cover 
indicate  both  low  and  high  pressure  sealing  problems  with  HSS. 

Ride  Height;  the  following  is  a  list  of 
the  vehicle  height  measurements  taken  during  hot  weather  testing: 


This  tabulation  indicates,  as  would  be 
expected,  that  the  ride  height  Increases  due  to  ambient  and/or 
operational  temperature  increases  are  greater  at  the  lover 
vehicle  weight.  Note  the  effect  of  recharging  all  the  units  at 
the  lower  weight,  the  aft  end  is  higher  than  the  forward  end. 


Return  Roller  Wear;  the  roller  hubr 
reached  130* F  when  operating  at  10C‘F  ambient.  There  were  no 
roller  failures  during  hot  weather  testing. 


Roadwheel/Suspension  Unit  Interference; 
after  the  HSS/AAV  returned  from  hot  weather  testing,  it  was  noted 
that  all  the  units  exhibited  abrasion  of  the  crankcase  cover  and 
cover  bolt  heads  where  the  inner  roadwheel  runs  next  to  the 
crankcase  cover. 


Track  Tension  Setting  and  Adjustment;  by 
the  end  of  hot  weather  testing  the  track  tension  adjusters  had 
been  extended  to  their  recommended  travel  limits  in  order  to 
maintain  the  1/2  inch  space  between  the  track  and  the  skid  plate 
on  each  side  of  the  HSS/AAV  at  the  number  3  roadwheel  position. 

(2)  COLD  WEATHER  TESTING;  AVTB  has  not  con¬ 
ducted  any  cold  weather  testing  of  the  HSS/AAV. 

3.5.e  SLOPE  ygOOTlATlONt 

3.5. e.l  PURPOSE i  The  purpose  of  this  test  is  to 
determine  the  ability  of  the  test  vehicle  to  negotiate  and 
maneuver  on  forward  and  side  slopes  safely. 

3.5. e.2  METHOD; 

(1)  Place  the  test  vehicle  in  weight 

condition  A. 


(2a}  Operate  the  vehicle  on  forward  slopes  up 
to  and  including  60%  inclines.  The  vehicle,  should  be  operated  in 
forward  and  reverse. 


(2b)  Operate  the  vehicle  on  side  slopes  up  to 
and  including  40%  inclines. 

(3)  Document  the  test  with  video  or  still 
photography  as  appropriate. 


(4)  Repeat  for  vehicle  weight  condition  B. 

(5)  Repeat  for  baseline  AAV7A1  at  equivalent 

weights. 


3.5. e.3  RESULTS ;  Both  the  HSS/AAV  and  the 
standard  AAV  successfully  negotiated  all  segments  of  this  test 
phase  at  both  weight  conditions. 

3.5.f  PIVOT  8TEERIHQ; 

3.5. f.l  PURPOSE ;  The  purpose  of  this  test  phase 
is  to  determine  the  ability  of  the  test  vehicle  to  pivot  steer 
during  land  operations,  as  the  baseline  AAV7A1  is  able  to  do. 


3.5.f.2  METHOD! 

(1)  Inspect  and  adjust  the  HS-400-3 


transmission  for  full  pivot  steer  capability. 


(2)  Pivot  steer  the  vehicle  on  varied 
terrains  (hard  surface,  secondary  roads,  packed  sand,  vegetated 
terrain)  during  the  course  of  vehicle  operations  and  RAM-D 
mileage  accumulation.  The  vehicle  should  be  steered  left  and 
right  at  various  speeds  at  the  two  weight  settings. 

(3)  Document  the  test  with  video  or  still 
photography,  as  appropriate. 

3.5. f. 3  RBflgltlg;  The  following  Is  a  tabulation 
of  the  rotation  rates  for  the  MSS/AAV  on  various  terrains.  Note 
that  due  to  environmental  concerns,  vegetated  terrain  Is  not 
available  at  Camp  Pendleton  for  teats  which  damage  the 
vegetation. 


V«h<el« 

W«lght 

Terrain 

Rotation 

Pace 

Rotation 
Rata  Left 

Rotation 
Rata  Right 

53,SOO 

Hard 

Paat 

12.5  see 

13.9  Sac 

lurfaea 

Slow 

30.5 

23.7 

S«,100 

Hard 

Past 

Surfaea 

Slew 

S3,S00 

Secondary 

Peat 

16 

17 

Road 

Slew 

20 

36 

58,100 

lacondary 

Past 

Road 

Slow 

53.500 

Packed 

Paat 

Sand 

Slew 

58,100 

Packed 

Paat 

Sand 

Slow 

3.5.g  MIME  rwyi  BYRItSMIPW; 

3.5. g.l  P0RP08E :  With  future  introduction  and 
fitting  of  the  mine  plow  to  AAV's,  this  large  weight  mass  at  the 
nose  of  the  vehicle  and  the  push  loads  to  be  transmitted  to  the 
suspension  system  need  to  be  investigated.  This  test  is  not  to 
be  an  all-inclusive  test,  but  a  first  look  at  identifying 
possible  interface  and  operational  problems. 

3.5. g.2  METHOD ;  Following  sufficient  testing  of 
the  mine  plow  on  a  baseline  AAV7A1,  the  plow  shall  be  installed 
on  the  HSS/AAV.  This  shall  be  performed  for  a  vehicle  weight 
condition  of  6,000  pounds  of  cargo  in  the  troop  compartment. 


(1)  The  vehicle  with  mine  plow  and  6,000 


pound  cargo  load  shall  be  weighed  and  the  LCG  determined. 

(2)  The  suspension  contractor  may  provide 
new  suspension  unit  pressures  for  the  vehicle  configuration  to 
retain  acceptable  ground  clearance.  The  nitrogen  charge  levels 
may  be  adjusted  with  new  pressure  settings. 

(3)  The  vehicle  with  mine  plow  shall  be 
operated  and  terrain  plowed  to  evaluate  impact  on  the  suspension 
system . 


3.5. g.3  MflULTBt  AVTB  has  not  conducted  any 
testing  of  the  mine  plow  in  conjunction  with  the  HSS/AAV. 

3.5. h  MQ18M, mfittBlMBHTt 

3.5. h.l  PORPQBBt  Utilization  of  new  components 
on  the  vehicle  need  to  be  evaluated  for  determination  of  whether 
they  add  to  the  acouati,o  signature  of  the  vehicle. 

3.s.h.2  METHOD!  In  accordance  with  procedures 
performed  by  avtb  to  measure  internal  and  external  noise  levels 
of  other  add-ons  to  the  AAV7A1,  similar  efforts  shall  be  employed 
to  measure  the  levels  for  the  HSS/AAV  vehicle  configuration. 

This  shall  be  performed  for  weight  conditions  A 
and  B,  and  for  the  four  listed  terrain  types: 

-  Paved  Road 

-  Loose  Sand 

-  Packed  Sand 

-  Secondary  Road 

3.5. h.3  RESULTS !  AVTB  has  not  conducted  any 
noise  level  testing  of  the  HSS/AAV. 

3.6  DESIGN  REQUIREMENTS:  All  new  systems  undergoing 
evaluation  should  be  monitored  to  validate  proper  functioning. 
Ride  height  and  hydraulic/nitrogen  levels  in  the  suspension 
units  are  paramount  to  proper  functioning. 

3. 6.  a  KJIP  ftWP  GM  MYBL  CHBCK: 

3.6. a.l  mmfi:  To  determine  that  the  nitrogen 
and  hydraulic  oil  levels,  and  their  fill  ports,  maintain  their 
settings  during  all  vehicle  operating  conditions. 

3. 6.  a. 2  METHOD: 

(1)  Utilizing  the  Operations  and  Maintenance 
manual  procedures,  check  to  insure  that  nitrogen  gas  levels  are 
properly  set  and  maintaining  their  settings. 


(2)  For  the  first  2,000  miles,  check 


nitrogen  levels  to  see  if  they  were  maintained  after  every  250 
miles  of  operation. 


(3)  Thereafter;  check  nitrogen  levels  to  see 
if  they  were  maintained  after  every  500  miles  of  operation. 

(4)  Hydraulic  fluid  levels  need  not  be 
checked  unless  seepage  and/or  leakage  is  noted. 

(5)  With  all  units  properly  set,  methods  and 
procedures  should  be  determined  for  installation  and  charging  of 
units  without  the  use  of  blocks  under  the  vehicle.  This  shall 
incorporate  corrective  values  for  different  roadwheel  stations 
and  different  weight  conditions. 

3. 6.  a. 3  RBBULTSi  The  HSS  units  did  not  meet  the 
test  plan  requirements. 

(1)  The  gas  pressures  in  the  suspension 
units  had  to  be  checked  and  adjusted  on  average  every  50.4  miles 
or  5.9  hours  of  operation. 

(2)  The  oil  levels  in  the  suspension  units 
had  to  be  topped-off  on  average  every  79.1  miles  or  9.3  hours  of 
operation. 

(3)  Methods  and  procedures  for  installation 
and  charging  of  units  without  the  use  of  blocks  under  the  vehicle 
have  not  been  developed. 

(4)  See  section, 3.5. c. 3  for  test  results 
concerning  the  fill  ports. 

,  • 

3.6.b  RIDB  HBiqHTi 

3.6. b.l  PURPOSBt  To  determine  whether  the 
HSS/AAV's  height  changes  appreciably  with  time  or  temperature. 

3.6. b.2  METHOD t 

(1)  Utilizing  the  Operations  and  Maintenance 
Manual  Procedures,  measure  vehicle  height  at  the  four  corners  of 
vehicle  hull  at  the  following  Increments: 

-Every  250  miles  of  operation 
-Every  two  calendar  months  of  operation 
-At  every  ten  degrees  change  in  ambient 
temperature  (  when  available  and  when  testing  at  elevated/cold 
temperatures) 


(2)  Utilizing  the  weapon  station  sight  or  an 
inclinometer,  measure  vehicle  attitude  change  (with  time)  after 
operational  shutdown.  This  shall  be  performed  to  investigate 
effects  on  UGWS  range  card  readings  and  system  accuracy. 

3.6.b.3  RESULTS:  The  data  were  not  always 
consistent,  but  the  ride  height  of  the  HSS  units  appears  to  be 


more  affected  by  temperature  changes  when  the  ambient  temperature 
changes  when  the  ambient  temperature  Is  below  80 *F.  Also,  as 
noted  previously,  the  ride  height  changes  more  with  temperature 
when  the  vehicle  weight  decreases. 

(1)  See  Section  3.3.c(2)  for  the  effects  on 
ride  height  caused  by  "Dogging  Down"  the  vehicle. 

(2)  At  a  vehicle  weight  of  53,500  pounds, 
after  at  least  one  hour  of  operating  and  with  an  ambient 
temperature  Increase  of  10 *F  and  the  final  temperature  less  than 
80 *F,  the  forward  end  of  the  HSS/AAV  dropped  an  average  2.4 
Inches,  or  14%  of  the  height  before  heating.  At  the  same  time 
the  aft  end  raised  an  averaae  2.6  inches,  or  16.6%  of  the  height 
before  heating.  Corresponding  data  at  58,100  pounds  were  not 
available. 

(3)  After  cooling  off  10 *F  from  a  maximum 
temperature  less  than  80 *F  for  at  least  12  hours,  the  bow  of  the 
53,500  pound  vehicle  raised  an  average  of  1.4  inches  or  8.8%  of 
the  height  before  cooling.  At  the  same  time  the  stern  dropped  an 
average  of  2.6  Inches  or  13.8%  of  the  height  before  cooling. 
Corresponding  data  at  58,100  pounds  were  not  available. 

(4)  For  an  ambient  temperature  increase  of 
approximately  15 *F  with  a  starting  temperature  above  80 ‘F,  the 
bow  height  of  the  53,500  pound  vehicle  either  remained  constant 
or  rose  less  than  5%.  The  stern  height  remained  constant.  For 
the  58,100  pound  vehicle,  both  the  bow  and  stern  heights  remained 
constant. 

(5)  Upon  cooling  off  for  at  least  12  hours 
to  an  ambient  temperature  greater  than  80 *F,  the  bow  height  of 
the  53,500  pound  vehicle  decreased  slightly  In  one  Instance  and 
increased  very  slightly  In  another.  The  stern  height  decreased 
an  average  of  1.5  Inches  or  9%.  The  one  set  of  corresponding 
data  for  the  58,100  pound  vehicle  indicated  no  change  In  bow 
height  and  a  slight  decrease  In  stern  height. 

(6)  Tests  utilizing  the  UGWS  sight  or  an 
Inclinometer  have  not  been  conducted. 

3.6.C  RETURIL ROLLER  WEARt 

3.6. C.1  PURPOSE I  To  Observe  wear  rate  and 
deterioration  of  return  (or  support)  rollers  during  testing. 

3.6. C.2  METHOD!  AVTB  operations  and  maintenance 
personnel  shall  monitor  and  report  on  abnormal  wear  and 
replacement  of  return  roller  components.  This  shall  Include 
development  and  Implementation  of  any  test  procedures  to  measure 
damage  and  determine  replacement  guidelines. 


3.6. C.3  RESULTS!  After  sight  glasses  were 
installed  in  the  return  roller  hubs  to  monitor  lubricant  levels, 
water  contamination  became  a  continuous  problem.  At  73  miles  and 
12  hours  into  the  test  the  lubricant  was  changed  from  30  Wt.  to 
15W-40.  The  following  is  compilation  of  test  results  concerning 
the  return  rollers: 

(1)  Port  #1  roller  was  never  replaced  and 
accumulated  554  miles  and  65  test  hours. 

(2)  Port  #2  roller  was  replaced  at  17  miles 
and  2  hours  into  the  test  and  then  accumulated  534  miles  and  63 
teat  hours. 

(3)  Starboard  #1  roller  was  replaced  at  17 
miles  and  2  hours  into  the  test  and  then  aooumulated  534  miles 
and  63  test  hours. 

(4)  Starboard  #2  roller  was  replaced  at  17 
miles  and  2  hours  into  the  test.  It  then  aooumulated  534  miles 
and  63  test  hours  before  being  replaced  again. 

3.6. d  ROAPyHEBL/SUSPENaiOM  DMIT  IMTERyiRENCB ! 

3.6..d.l  PURPOSE:  To  observe  wear  rate  and 
deterioration  that  may  result  to  roadwheel  and/or  suspension 
units  as  a  result  of  Interference  between  the  components  or  as  a 
result  of  terrain  induced  damage. 

3.6. d.2  METHOD I  AVTB  operations  and  maintenance 
personnel  shall  monitor  and  report  on  abnormal  wear  and 
replacement  of  suspension  units  and  roadwheels  as  a  result  of 
Interference  between  the  components  or  as  a  result  of  terrain 
induced  damage.  This  shall  include  development  and 
Implementation  of  any  test  procedures  to  measure  damage  and 
determine  replacement  guidelines. 

3.6. d.3  RESULTS:  Much  of  the  terrain  chosen  for 
hot  weather  testing  was  covered  with  loose,  sharp,  fist-sized 
rocks  which  were  extremely  damaging  to  track  pads  and  the  Bradley 
Roadwheel  tires  and  wheel  disks.  After  the  completion  of  hot 
weather  testing,  the  vehicle  crew  noted  extreme  abrasive  wear  had 
occurred  between  all  the  inner  roadwheels  and  their  corresponding 
HSS  unit  crankcase  covers. 

3. 6.  a  TRACK  TEMSXQW  SETTINQ  AND  ADJUSTMENT: 

3.6. e.l  PURPOSE:  To  observe  track  tension,  its 
effect  on  vehicle  operation,  and  determine  applicable  setting  and 
measurement  guidance.  This  is  required  as  a  result  of  the 
support  roller  interface  and  the  effect  on  track  tension  and 
proper  setting. 


3.6.e.2  METHOD:  AVTB  operations  and  maintenance 
personnel  shall  monitor  and  report  on  abnormal  wear  and 


I 


replacement  of  track  components  as  a  result  of  interference 
between  the  track  and  suspension  components  or  as  a  result  of 
terrain  induced  damage.  This  shall  include  development  and 
implementation  of  any  procedures  to  determine  and  set  proper 
track  tension.  AVTB  shall  experiment  with  and  provide  comments 
on  ways  to  install  and  remove  the  track  on  the  vehicle  in  various 
configurations  and  weights.  This  shall  Include  estimates  of  crew 
levels,  time  required,  numbers  of  personnel  required  and  the  need 
to  remove  EAAK  panels  (if  necessary)  for  service  to  the  track. 

3.6.e.3  MSytMt 

(1)  At  25  miles  and  4  hours  into  the 
test,  new  track  was  installed  on  the  HSS/AAV  with  85  track  blocks 
per  side.  In  order  to  connect  the  track  the  #2  HSS  unit  must  be 
de-pressurized  on  both  sides  because  the  vehicle  rises  about  4 
inches  when  the  track  is  disconnected. 

(2)  After  this  track  accumulated  10 
miles  and  4  test  hours,  one  track  block  had  to  be  removed  from 
each  side  to  maintain  proper  tension  with  the  adjusters. 

(3)  After  a  total  of  304  miles  and  36 
test  hours,  another  track  block  had  to  be  removed  from  both  sides 
for  a  current  total  of  83  blocks  per  side. 

(4)  A  special  tool  was  developed  by 
Staff  Sergeant  Lowther  to  assist  in  installing  track  when  EAAK  is 
installed  on  the  vehicle.  Two  used  AAV  track  pins  are  welded  end 
to  end  with  one  of  the  pins  bent  into  two  90*  angles  with  7 
inches  between  the  bends.  This  provides  an  offset  to  pull  the 
track  over  the  return  rollers  without  having  to  remove  the  EAAK 
panels  on  the  sponsons. 


(5)  A  minimum  of  4  crewmen  and  10 
manhours  were  required  to  break  and  connect  track. 

3.6.f  INSTALLATIQIL AND  REMOVAL  OP  BPSPEWBION  PNITS> 

3.6.f.l  PURPOSE!  To  assess  crew  workload,  level 
of  difficulty,  and  anticipated  maintenance  burdens  for  this 
system  that  would  be  required  for  installation  of  units  on  the 
vehicle. 


3.6.f.2  METHOD 1  AVTB  operations  and  maintenance 
personnel  (at  various  maintenance  levels)  shall  perform 
suspension  unit  installation  and  removal  in  various 
configurations  that  could  be  anticipated  by  the  FMF.  This  shall 
include,  but  not  be  limited  to: 

(1)  Installation/removal  while 
pressurized  and  unpressurized. 


(2)  Installation/removal  with  and 


without  hub  attached. 


(3)  Installation/removal  at  stations  1, 
3,6-  port  and  starboard. 

(4)  Various  lifting  harnesses  and 

lifting  methods. 

(5)  Different  vehicle  weights 
AVTB  shall  experiment  with  (in 

matrix  format)  and  provide  oomments  on  possibilities  for 
aooomplishing  the  above  efforts,  and  provide  feedback  on  what 
ohanges  should  be  oonsidered  for  future  vehicle  configurations  to 
facilitate  easier  installation  and  removal  of  units. 

3.6. f.3  MggLJBL  Two  crewmen  can  perform 
removal/installation  of  HS3  units. 

(1)  All  of  the  9  HSS  units  removed  and 
replaced  by  AVTB  personnel  wore  unpressurized.  Removal  or 
installation  while  pressurized  would  be  very  dangerous  and  very 
difficult,  if  not  impossible. 

(2)  All  removals  and  installations  of 
HSS  units  were  accomplished  without  the  Hub  attached  as  any 
deoreaae  in  weight  and  bulk  facilitates  the  procedures. 

(3)  Removal  and  Installation  procedures 
were  performed  at  the  port  il,  #2,  I 3  and  #5  stations,  and  at  the 
starboard  #1,  #2,  if 4  and  #6  stations. 

(4)  The  lifting  eye  and  boom  of  the  HSS 
maintenance  cart  were  used  for  all  but  one  removal/ installation 
procedures.  On  one  occasion  2  crewmen  performed  an  installation 
without  using  the  cart  crane  just  to  see  if  this  could  be  done. 

It  was  exceedingly  difficult  and  not  recommended  except  for 
emergency  field  repairs.  The  portable  hydraulic  ram  supplied 
with  the  HSS  maintenance  cart  was  used  to  position  the  HSS  unit 
for  access  to  the  bolt  holes. 

(5)  HSS  unit  removal/installation 
procedures  were  accomplished  with  the  vehicle  empty,  at  53,500 
pounds  and  at  58,100  pounds. 

3.6.g  SHORT  TRACKlHq  QT  SDaPBHBIQHJimiTa.1 

3.6. g.l  yVRPQBBl  To  assess  crew  workload,  level 
of  difficulty,  and  anticipated  maintenance  burdens  required  for 
this  system  to  be  short  tracked  in  a  field  environment. 

3.6. g.2  METHOD  I  AVTB  operations  and  maintenance 
personnel  (at  various  maintenance  levels)  shall  experiment  with 
and  perform  short  tracking  of  the  vehicle  in  various 
configurations  that  could  be  anticipated  by  the  FMF.  This  shall 


include,  but  not  be  limited  to: 


(1)  Inatallation/removal  of  units  to 
facilitate  abort  tracking. 

(2)  Deactivation  and  tying  up  of  units 

during  short  tracking. 

(3)  Impact  of  being  towed  when  short 
tracked  (using  tow  bars  and  cables) 

(4)  Removal  of  roadwheels  and  hubs. 

(5>  Different  vehicle  weights. 

(6)  Progressive  increase  and  maximum 
number  of  roadwheel  stations  that  can  be  deactivated  (rear  units, 
front  units,  mixed  units) . 

AVTB  shall  experiment  with  (in 
matrix  format)  and  provide  comments  on  possibilities  for 
accomplishing  the  above  efforts,  and  provide  feedback  on  what 
changes  should  be  considered  for  future  vehicle  configurations  to 
facilitate  easier  short  tracking. 

3.6.g.3  RBflPLTSi  AVTB  has  not  conducted  any 
short  tracking  experiments  with  the  HSS/AAV.  it  should  be  noted 
that  the  KSS  units  cannot  be  swapped  from  one  side  of  the  vehicle 
to  the  other. 

3.7  RELIABILITY.  AVAILABILITY.  MAIMTAIKABILITY  AND 
DPRABlLiTYi  New  Vehicle  hardware  must  not  provide  a  logistics 
and  maintenance  burden  for  the  sake  of  improved  performance. 
Reliability  and  maintainability  must  be  documented  and  validated 
to  evaluate  the  new  system  benefits. 

3. 7.  a  PURPOSE:  To  determine  the  test  item's 
anticipated  RAMP'D  characteristics  during  the  test  period. 

3.7. b  11EJJB.QB1 

(1)  Operate  the  test  vehicle  as  outlined  in 
paragraph  2.1  of  the  teat  plan.  Maintain  the  vehicle  and 
suspension  system  as  outlined  in  the  appropriate  technical 
manuals. 


(2)  Perform  all  crew  level  maintenance  actions 
required  during  the  test  operations  and  report  in  accordance  with 
standard  procedures. 

3.7.C  RESULTS:  In  summary  there  were  9  HSS  unit 
failures  requiring  replacement  over  554  test  miles  and  65  test 
hours.  This  yields  an  average  of  61.6  miles  and  7.2  hours 
between  HSS  unit  failures.  In  addition  there  were  4  return 
roller  failures  for  an  average  of  138.5  miles  and  16.3  hours 


between  failures. 


(1)  The  following  is  a  compilation  of 
maintenance  actions  ooncerning  KSS/AAV  suspension  components 
over  the  period  from  27  April  1990  to  15  November  1990: 


STBD/«14  1S«0  1600/70 

STBO/«9  1460  1600/70 


Total  Hours 

Position/  Pressure  Pressure  Oil  ilebient  Niles  Since  Niles  on  Sinc^ 

Weight  Date  Serial  Hr.  Before  After  Added  leap.  Last  Check  Ifeiit  Last  Check 


2i  AugllS  STIO/M  ?925  33S0  (  I  i  13  I  13  I  2  I  2  Icbecked  Pressure 


I  Total  Hours  Total 

Position/  Pressure  Pressure  Oil  Miient  Hiles  Since  Hiles  on  Since  Hows  on 
Date  Serial  ilo.  Before  After  Added  Tcap.  Last  Check  Unit  Last  Check  Unit 


FP  161/2  Checked  erouni  Cl 

FS  16 
AP  18 
AS  18 


Total  Hours  Total 

Position/  Pressure  Pressure  Oil  aabicnt  Riles  Since  Riles  on  Since  Routs  on  Renarfcs 

Ueight  Date  Serial  Ho.  Before  After  Added  TeRp.  Last  Check  Unit  Last  Check  Unit 


Total  Hours  Total 

Position/  Pressure  Pressure  Oil  Aabient  Miles  Since  Mites  on  Since  Hours  < 

Height  Date  Serial  Ho.  Before  After  Added  Teap.  Last  Check  Unit  Last  Check  Unit 


68*F  I  20  I  I  2  I  iChecked  Srouid  Cleon 


Position/  Pressure  Pressure  Oit  iliri>ient  Mites  Since  Hites  on  Since  Hours 

Ueight  Date  Serial  Ho.  Before  After  Added  fcap.  Last  Check  unit  Last  Check  Unit 


Position/  PresstM-e  I  Pressure  ait  tabient  iHles  Since  Miles  on  Since  Boun 

Ueight  Date  Serial  Mo.  Before  |  After  Added  Te^.  last  Check  Ifciit  Last  Check  Unit 


10  Oct  Port  «/#7  h«*  |26  37V|4|A6  Added  Oil 


Total  Hours  Total 

Position/  Pressure  Pressure  Oil  Miierit  Niles  Since  Niles  on  Since  Nours 

Ueigiit  Date  Serial  No.  Before  after  Added  Te^>.  last  CNeck  Unit  Last  Oiccic  Unit 


(2)  The  proposed  Operation  and  Maintenance 
Manual  for  HSS  Installed  on  P-7  Amphibious  Assaulc  Vehicle  dated 
5  October  1989  was  evaluated  by  the  HSS/AAV  crew  which  performed 
most  of  the  inspection/repair  of  the  vehicle's  suspension.  The 
following  are  the  crew  chief's  conunants  concerning  section  6.2, 
Removing/Replacing  Suspension  Unit: 

The  instructions  for  removal  and  replacement 
of  support  rollers  and  HSS  arms  that  are  listed  in  the  proposed 
maintenance  procedure  are  similar  to  the  procedure  being  used  by 
the  crew  of  PX  12-10.  Exceptions  or  additions  include:  During 
removal  of  any  HSS  arm  with  the  vehicle  on  blocks  (17")  placed 
under  each  corner  of  the  vehicle,  it  is  necessary  to  raise  the 
arm  with  the  porta  power  placed  against  the  forward  side  of  the 
arm  and  lift  the  arm  high  enough  to  reposition  the  porta  power 
underneath  the  arm.  In  order  to  remove  the  bolt  (which  is  at  3 
o'clock)  blocks  were  placed  underneath  the  porta  power  to  lift 
the  arm  high  enough  to  allow  the  crewman  access  to  the  (3 
o'clock)  bolt.  Removal  of  the  bolt  at  the  5  o'clock  position 
requires  the  arm  to  be  pushed  to  the  furthest  most  downward 
position.  This  can  be  done  by  using  a  tank  bar  or  the  easier 
method  of  positioning  the  porta  power  on  the  top  side  of  the  arm 
and  blocks  on  top  of  the  track  to  brace  the  track  against  the 
longitudinal  drive  shaft  cover  brackets.  By  pumping  the  porta 
power  the  arm  will  be  pushed  down  far  enough  for  the  crewman  to 
have  access  to  the  bolt  at  the  S  o'clock  position. 

(3)  The  photographs  in  the  proposed  manual  were 
useless  because  of  contrast  lost  when  they  were  copied. 

(4)  On  at  least  4  of  the  HSS  units  it  was  noted 
that  the  hull  flange  dowel  pin  had  started  to  back  out  of  the 
flange. 

(5)  The  maintenance  cart  was  used  for  all  but 
one  of  the  nine  HSS  unit  removal/installation  iterations  and  for 
all  fluid  level  and  gas  pressure  adjustments.  An  air  compressor 
integral  to  the  cart  itself  would  improve  its  utility.  The 
Portable  Hydraulic  Ram  with  its  HSS  roadarm  lifter  was  used  on 
all  HSS  removal/installation  procedures,  but  not  necessarily  in 
the  manner  described  in  the  proposed  manual. 

3.8  TOWING  TESTS:  All  Changes  and  improvements  to  the  AAV 
family  must  be  done  without  sacrificing  or  degrading  currant 
vehicle  performance  and  capabilities. 

3. 8. a  PURPOSE:  Comparative  testing  of  the  operation 
and  handling  qualities  of  this  modified  vehicle  versus  a  standard 
AAV  shall  be  performed  when  towing  various  items.  Measurements 
required  will  be  qualitative  and  quantitative. 

3.3.b  METHOD:  A  test  matrix  shall  be  established  and 
the  following  towing  tests  shall  be  performed  with’  the  vehicle  in 
weight  conditions  A  and  B.  Video  coverage  shall  document  vehicle 


operations. 


(1)  Towing  shall  be  conducted  over  the 
following  terrains: 

-Loose  Sand 

-Packed  Sand 

-Secondary  Roads 

-Paved  Roads 

-Cross  Country  Terrain 

-Mud/ Cl ay 

-Vegetated 

(2)  Towing  shall  be  conducted  (using  tow  bars 
•  and  cables)  with  the  following  items  towed  by  the  HSS/AAV: 

-AAV  of  Equal  or  Less  Weight 

-M198  155mn  Towed  Artillery 

-Standard  Trailer 

-Trailer  Mounted  Line  Charge 

-Other  Equipment  Deemed  Appropriate  by  AVTB 

(3)  A  baseline  AAV  at  equivalent  weight  shall 

tow  the  HSS/AAV. 

3.8.C  RB8ULTa»  The  towing  tests  conducted  thus  far 
have  not  indicated  any  problems  with  the  HSS/AAV  as  either  a 
towing  or  a  towed  vehicle.  The  following  is  a  matrix  compilation 
of  the  towing  test  results.  An  "X"  indicates  successful 
completion  of  that  particular  test.  A  "TNA"  indicates  that  the 
terrain  was  not  available  due  to  logistical  or  environmental 
considerations.  A  "VNA"  indicates  that  the  vehicle/equipment  to 
be  towed  was  not  available.  For  towed  vehicles: 

A*  Standard  AAV 
H«  HSS/AAV 

M«  M198  155mm  Towed  Artillery 
T«  Standard  Trailer 
]>  Trailer  Mounted  Line  Charge 
0*  other  Equipment  (Specified) 


Towing  Vthicie 


Towad  Vthlel*/ 
Equlpmnt 


Ttrrain  ind  Uhathar 
Tow  Bar  (TB)  or 
Tow  Cabla  (TO  Wai 

Utad 


Leeaa  Band  U/TI 


tooia  Band  W/TC 


Paekad  Sand  U/TB 


Paekad  Band  U/TC 


Saeondary  U/TB 


laeondary  U/TC 


Pavad  U/TB 


Pavad  U/TC 


Croat  Country  U/TB 


Croat  Country  U/TC 


Hud/Clay  U/TB 


Mud/Clay  U/TC 


Vagatatad  U/TI 


Vagatatad  U/TC 


HSS/AAV  at  53,5  0 
Pounds 


HSS/AAV  at  5B  100  Standard  AAV  at  Standard  AAV  at 
Pounds  53,500  Pounds  56,100  Pounds 


I DDSEDIESHDC 

I  DQQEQIEB3HODi&IQOS3IDE!ililEDIEB3HIDCSQEE3EQ3Hl 

IgBIQBBlIBgQQBjgilBBlQggQigiQgml 

innnnjgnnfflngnnnngnnBiiBiif 

I  DE&IEEDEBIfll!ICfi3EffilCSIHDDQCSSEI!i9HDEZS9DSD!l 

I II2QQ2IQQQQQQQQQQQQQQQQ2QQQQQQQQQIQQQQ2Q 
I  q2Qqqqqqqqjqqqqqqqjqqqqq[q^qq[2QqqQ3D3I1!Q 

IBDDQDZIBflESIDSIEBSBSBQBiQQQGDDZSBQEOBQDiQBQED 
lBQBQQIQIQEDEiDBOIE3BDED9IQII!llIQ[QBO 


3. 9.  a  PURyosB 1  To  datannlna  if  the.  condition  of  the 
engine/transnission  installed  in  the  HSS/AAV  was  the  reason  for 
the  vehicle's  top  speed  being  less  than  the  standard  AAV. 

3.9. b  METHODS  The  HSS/AAV  and  the  standard  AAV  will 
be  timed  through  a  measured  3  miles  over  packed  sand  at  weight 
conditions  A  and  B.  Both  vehicles  will  enter  the  measured  mile 
at  full  speed  and  be  driven  by  the  same  driver.  Then  the 
engine/transmission  from  the  standard  AAV  will  be  installed  in 
the  HSS/AAV.  The  HSS/AAV  will  then  be  timed  again  through  the 
measured  3  miles  to  see  if  any  change  in  top  speed  is  effected. 

3.9. C  RBflgLl.Bi  As  can  be  seen  from  the  following 
matrix,  switching  power  packs  from  the  faster  standard  AAV  to  the 
slower  HSS/AAV  actually  further  decreased  the  HSS/AAV 's  speed  by 
9.6%.  Other  factors  in  the  HSS  suspension,  such  as  the  inner 
roadwheels  rubbing  on  the  HSS  crankcase  cover,  must  be  the  reason 
for  the  decreased  performance. 


Tha  results  of  the  first  speed  run  after  changing 
the  power  pack  in  the  HSS/AAV  indicated  that  further  testing  was 
unnecessary. 
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Naval  Sea 

Systems  end 

Part  Number 

6599761 

6599762 

6599763 

6599764 

6S99765 

6599766 

6599767 

6599768 

6599769 

6599770 

6599771-TAB 

6599772 

6599773 

6599774 

6599775 

6399776 

6599777 

6599778 

6599779 

6599781 

6599782 

6599783 

6599784 

6599785 

6599786 

6599787 

6599788 

6599789 

6599790 

6599791 

C599792 

6590793 

6599794 

6599795 

6599796 

6599797 

6599798 

6599799 

6599800 

6599801 

6599802 

6599803 

6599804 

6599805 


COT  Part 

Number 

700340 

700341 

700001F 

700001 

700015 

41181 

41182 
700338 
70U097 
700327 
700328-TAB 
700004 
700005 
700037 
700034 
700011 
700009 
700013 
700012 
700069 
700033 
700035 
700036 
700038 
700329 

700043 

700044 

700045 

700021 

700335 

700326 

700000-C 

700000 

700314 

700042 

700313 

700027 

700041 

700312 

700311 

700047 

700025 

700026 

700039 


Description _ 

6K  ISIT  Envelope  Dwg. 

6K  unit  Assembly  Dwg. 

Forging,  Roadarm 

Machining,  Roadarm 

Spindle,  Wheel,  Vehicle 

Screw,  Valve,  ISU 

Stan,  Valve,  ISU 

Cover,  Charge  Valve 

Drain  Plug.  Oil  Chamber 

T-Ring  Seal,  Male  Piston 

Hollow  Hex  Plug,  Straight  Thread 

Endcap,  Roadarm 

Endcap,  Accumulator 

Sleeve,  Actuator  Cyl 

Spacer,  Actuator  Cyl 

Ass'y  Piston/Liner 

Piston,  Actuator 

Glyd  Ring 

Seal ,  Actuator 

Spring,  Compression  Seal 

Spacer,  Seal 

Ring,  Spacer 

cap,  Actuator  Piston 

Ring,  Connecting  Bar  Retainer 

Retaining  Ring,  Internal  Medium 

Duty 

Conn.  Ear  Assy 

Rod,  Connecting  Bar 

Ball,  Conn  Bar 

Pin,  Connecting  Bar 

Cam,  Actuator  Pump 

Bolt,  Cam 

Spindle,  Casting 

Spindle,  Roadarm  Machining 

Pin,  Torque  To  Unit  Hull 

Bearing,  Conn  Bar 

Pump  Assembly,  Damper 

Piston,  Pump 

Spring,  Pump 

Race,  Outer 

Race,  Inner 

Bearing,  Needle 

Check  Valve  Seat 

Spring  Buide,  Check  Valve 

Spring,  Valve,  Check 


1 
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Naval  Sea 
Systems  Cmd 
Part  Number 

CGT  Part 
Number 

6599806 

700032 

6599807 

700031 

6599808 

700029 

6599809 

700030 

6599810-TAB 

700024 

6599811 

700040 

6599812 

41198-2 

6599813 

41199 

6599814 

700046 

6599815 

700014 

6599816 

700048 

6599817 

39895 

6599818 

700019 

6599819 

700316 

6599820 

700017 

6599821 

700018 

6599822 

700320 

6599823 

700023 

6599824 

700022 

6599825 

700304 

6599826 

38514-F 

6599827 

700002 

6599828 

700315 

6599829 

700321 

6599830 

700322 

6599831 

700324 

6599832 

700330 

6599833 

42503 

6599834 

700332 

6599835 

700334 

6599836 

700306 

6599837 

700339 

6599838 

700305 

6599839 

700303 

6599840 

700050 

6599841 

700310 

6599842 

700104 

6599843 

700016 

6599844 

700342 

6599845 

700008 

6599846 

700343 

6599847 

700007 

6599848 

700331 

6599849 

700344 

Sleeve/Spool  Matching  Relief 
Valve 

Sleeve,  Relief  Valve 
Spool,  Relief  Valve 
Spring,  Guide,  Relief  Valve 
Shim,  Relief  Valve 
spring.  Valve  Relief 
Seal,  oil  Crankcase 
Seal,  Crankcase,  Dust 
Main  Bearing  Ass'y 
Retainer,  Bearing 
Shim,  Bearing  Retainer 
Screw,  Brg  Retainer 
Piston,  Damper 
Spring,  Damper 
Disc,  Stator  Assy  ISU 
Disc,  Rotor 
Spindle/Stator  Ass'y 
Stator,  Damper  ISU 
Retainer,  Damper 
Cover,  Accumulator 
Cover,  Forging 
Cover,  Torque 
Pin,  Drive 

Stop  Block,  Rebound,  Spindle 

Stop  Block,  Rebound,  Roadarm 

Spacer,  Hub 

Adapter,  Fill 

Valve,  Fill 

Adapter,  Relief  Valve 

Valve,  Relief 

Hull  Mod.  Machining 

Skid  Plate  Ass'y 

Hull  Mounting  Bracket 

Base,  Support  Roller  W/C 

Spindle,  Support  Roller 

Wheel,  Support  Roller  Mod. 

Cap,  Hub 

Support  Roller  Ass'y 

Installation,  6K  ISU  on  AAV-7 

Hull  Modification 

6K  ISU/Wheel  Spindle  Assembly 

Plug 

Plug 

Washer,  Locking  Tab 
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Naval  Sea 

Systems  Cmd 

Part  Number 

6599852 

6599853 

6599854 

6599855 


CGT  Part 

Wwnbog - 

P39873 
10866118 
LO  102488-2 
LO  102488-1 


Description _ 

Valve,  Relief 
Nut,  Slotted,  Hex 
Relief  Valve  Fixture 
Chec)c  Valve  Fixture 
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Cadillac  Gage 


TEXTRON 


AMS/721/RIDEMETR 
3  October  1989 


OPERATION  AND  CALIBRATION  MANUAL 

ABSORBED  POWER  METER 

MODEL  NO.  LO  022489-1 


k 


2 


PESCRIETJflM 

The  absorbed  power  mete**  consists  of  a  main  processor  unit,  a  remote 
meter  panel  with  pendant  start-stop  switch,  and  associated  cables.  The 
main  processor  Is  housed  In  the  smaller  half  of  a  hinged  aluminum 
carrying  case  while  the  remote  panel  and  cables  are  stored  In  the  cover 
of  the  case.  When  used  In  conjunction  with  a  suitable  accelerometer  the 
unit  provides  the  capability  of  readingt 

(1)  The  time  duration  (up  to  120  seconds)  between  a  start  and  stop 
signal  of  a  run. 

(2)  The  unweighted  peak  Instantaneous  acceleration  In  gravity  units 
during  that  run  (up  to  12  G's). 

(3)  The  accumulated  absorbed  energy  (up  to  1200  watt-seconds  In  the  XIO 
position)  during  that  run. 

The  average  absorbed  power  In  watts  Is  calculated  by  dividing  the 
accumulated  energy  In  watt-seconds  by  the  run  duration  In  seconds. 

In  addition,  the  Instrument  provides  analog  voltage  input  and  outputs 
for  external  recording  devices.  The  analog  output  signals  available  are 
the  instantaneous  acceleration  In  gravity  units  or  foot  per  second- 
squared  units,  and  the  instantaneous  absorbed  power  in  watts.  A 
properly  scaled  analog  recording  of  Instantaneous  acceleration  can  be 
fed  Into  the  Instrument  to  determine  the  average  absorbed  power  during 
any  selected  time  segment  of  the  recording. 


1.  The  5<p1n  receptacle  provided  with  the  Instrument  as  Input  to  the 
accelerometer  channel  (marked  ACCEL)  should  be  wired  as  follows: 


PIN  A  -  +  EXCITATION  (+S.0  V.D.C.) 

PIN  B  -  -  EXCITATION  (POWER  GROUND) 

PIN  C  -  SIGNAL  OUT 
PIN  0  -  >  SIGNAL  OUT  (SIGNAL  GROUND) 

PIN  E  -  NO  CONNECTION 


If  the  suggested  Sensotec  JTF  accelerometer  Is  used,  Its  mating 
connector  will  be  wired  like  this: 


EXCITATION 


EXCITATION 


Suitable  adjustments  can  be  made  for  other  accelerometers. 


2.  The  Instrument  power  cable  (to  be  connected  to  panel  receptacle 
marked  POWER)  Is  terminated  with  a  3 -pin  connector  wired  as  follows: 


PIN  A 

- 

RED  WIRE 

PIN  B 

•• 

NO  CONNECTION 

PIN  C 

«• 

BLACK  WIRE 

4 


Th«  rad  wira  must  ba  connactad  to  tha  positive  terminal  of  the  nominal 
24  volt  direct  currant  source.  Tha  blade  wire  Is  to  be  connected  to  the 
negative  voltage  terminal  which  Is  assumed  to  correspond  to  vehicle 
ground. 


CAUTION:  This  unit  should  not  be  used  on  a  vehicle  with  the  positive 
battery  terminal  connected  to  ground,  unless  special  provisions  are  made 
to  Insulate  all  elements  of  the  Instrument  from  vehicle  ground. 


3.  Connect  the  remote  Interconnect  cable  between  the  main  processor 
(receptacle  marked  REMOTE)  and  the  appropriate  receptacle  at  the  remote 
meter  panel. 


4.  Connect  the  receptacle  associated  with  the  start-stop  pendant 
switch  to  the  other  remote  meter  panel  receptacle. 
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OPERATION 


Th«  Instrument  requires  nominal  military  vehicle  power  of  18<30  volts  DC 
at  approximately  200  ml 111  amperes.  The  unit  Is  current  protected  with  a 
1/2  ampere  fast  blow  SB  fuse  and  voltage  protected  against  application 
of  reverse  polarity. 

Power  1$  applied  to  the  unit  when  the  power  leads  are  connected  and  Is 
verified  by  noting  the  presence  of  digits  and  yellow  backlighting  on  the 
remote  meter. 


It  Is  necessary  to  place  a  Jumper  between  the  RED  banana  Jacks  labelled 
ACC  OUT  and  TAPE  IN  on  the  main  panel  for  proper  meter  operation,  unless 
acceleration  data  Is  fed  In  from  an  external  analog  recorder. 


The  remote  panel  meter  switch  should  be  placed  In  the  TINE  position. 
This  Is  done  to  assure  that  the  timer  Is  stopped.  If  It  Is  running,  the 
operator  should  quickly  depress  and  release  the  START*ST0P  button  to 
stop  the  timer.  Then  the  operator  should  set  the  main  unit  range  switch 
In  the  XI  position  for  smooth  to  moderate  terrain,  or  In  the  XIO 
position  for  rough  terrain.  Changing  the  range  switch  during  or  after 
the  measurement  run  Invalidates  the  run  data  because  It  controls  the 
rate  of  the  energy  averaging  process  and  not  the  meter  scale  factor. 
The  range  switch  affects  only  the  scale  factor  of  the  energy  and  power 
units,  HAH-SEC  and  ABRB  PWR  OUT,  and  not  the  TINE  or  PEAK  ACCEL 
readings.  In  the  XI  position  the  unit  reads  directly  In  watt-seconds. 
In  the  XIO  position  the  scale  reading  must  be  multiplied  by  10  to  obtain 
the  correct  total  energy  reading.  For  example,  a  meter  reading  of  096.3 
watt-seconds  with  the  range  switch  In  the  XIO  position  should  be 
Interpreted  as  a  value  of  983.0  watt-seconds. 
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Just  prior  to  tho  start  of  the  run*  the  RESiiT  button  on  the  remote  panel 
meter  should  be  depressed  and  held  for  about  one  second  to  Insure 
complete  reset  of  all  the  functions.  Subsequently,  on  any  of  the 
functions,  a  stationary  reading  of  t  0.1  at  the  start  Is  considered 
acceptable. 


The  operator  determines  the  start  of  the  run  by  quickly  depressing  and 
releasing  the  hand  held  START-STOP  button.  This  starts  the  timer,  the 
peak  acceleration  acquisition,  and  the  energy  accumulation  process.  The 
three  position  meter  switch  can  select  PEAK  ACCEL  or  TIME  or  WATT-SEC. 
If  the  meter  Is  In  the  TIME  position  during  the  run,  the  operator  can 
choose  to  stop  the  run  based  on  the  timer  reading.  The  run  1$ 
terminated  when  the  operator  quickly  depresses  and  releases  the  START- 
STOP  button  again.  It  1$  recommended  that  the  three  readings  be  taken 
and  recorded  together  with  the  range  switch  position  within  one  minute 
after  the  completion  of  the  run.  Since  the  readings  are  held  In  analog 
form,  a  small  amount  of  drift  Is  Inevitable. 


In  the  TINE  position,  the  meter  reads  In  seconds  and  tenths  of  seconds 
up  to  a  maximum  of  120.0  seconds.  In  the  PEAK  ACCEL  position  the  meter 
reads  In  G's  and  tenths  of  G's  up  to  a  maximum  of  12.0  G's.  In  the 
WATT-SEC  position  with  the  range  switch  (on  the  main  unit)  set  at  the  XI 
position,  the  meter  reads  In  watt-seconds  and  tenths  of  watt-seconds  to 
a  maximum  of  120.0  watt-seconds.  With  the  range  switch  In  the  XIO 
position,  the  meter  reads  In  units  of  ton  watt-seconds  to  a  maximum  of 
1200  watt-seconds.  For  example,  a  reading  of  107.5  represents  1075 
watt-seconds.  The  meter  may  Indicate  readings  higher  than  the  above 
maximum  values,  but  those  values  are  close  to  meter  saturation  and 
should  not  be  trusted.  It  would  be  better  to  suitably  modify  the  run 
and  retake  the  data.  Once  the  data  has  been  noted  or  recorded,  the 
operator  may  reset  the  Instrument  by  depressing  the  RESET  button  to 
clear  the  meter. 
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The  average  absorbed  power  In  watts  Is  calculated  by  dividing  the 
accumulated  energy  In  watt<seconds  (determined  from  the  meter  reading 
and  the  range  switch)  by  the  run  time  In  seconds. 


Th«  ACC  OUT  (acc«1«ronwt«r  output)  banana  jack  pair  provides  a  zero 
based,  bipolar,  analog  voltage  output  scaled  at  1.0  G  per  volt,  with  an 
upward  acceleration  represented  by  a  positive  voltage  on  the  red  Jack 
with  respect  to  the  grounded  black  jack.  This  signal  can  be  recorded 
during  a  run  and  played  back  for  analysis  at  a  later  time.  If  the 
connection  between  the  ACC  OUT  and  TAPE  IN  Is  maintained,  this  signal 
can  be  recorded  during  a  normal  measurement  run.  The  output  limits  are 
t  12  G's  or  volts..  The  load  Impedance  should  not  be  less  than  5000 
ohms. 

The  TAPE  IN  (analog  acceleration  signal)  banana  Jack  pair  provides  a 
method  to  determine  the  instantaneous  and  average  absorbed  power  for  any 
segment  of  pre-recorded  acceleration  data.  The  recording  medium  is 
assumed  to  be  tape,  but  any  medium  Including  digital  can  be  used  so  long 
as  the  resulting  signal  Is  converted  to  analog  form,  has  the  proper 
scale  factor,  and  contains  the  original  frequency  Information  from  0.1 
to  50  Hertz.  The  scale  factor,  polarity,  and  limits  are  the  same  as 
those  of  the  ACC  OUT, 

In  order  to  use  this  Input,  the  shorting  jumper  between  ACC  OUT  and  TAPE 
IN  must  be  removed.  A  properly  scaled  analog  acceleration  signal  from  a 
data  recorder  must  be  connected  to  TAPE  IN  terminals,  ground  to  black 
and  signal  output  to  red.  NOTE:  All  black  banana  Jacks  are  tied 
together  and  connected  to  the  instrument  case  ground,  which  is  normally 
connected  to  vehicle  ground.  Operation  in  this  mode  proceeds  the  same 
as  an  actual  run:  Make  sure  the  timer  Is  not  running;  RESET  the  meter: 
Start  the  playback  machine:  Press  the  START-STOP  button  to  start  the 
measurement  when  desired:  Press  the  START- STOP  button  again  to  stop  the 
run:  Note  and  record  the  three  readings  and  the  range  switch  setting: 
Stop  the  playback  device:  Calculate  the  average  absorbed  power. 
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Th«  FIL  ACC  OUT  (filtered  acceleration  output)  banana  Jacic  pair  Is 
provided  for  use  with  a  visual  recording  device  such  as  a  strip  chart 
recorder  or  oscilloscope.  The  FIL  ACC  OUT  signal  Is  the  accelerometer 
signal  re-scaled  to  feet  per  second  squared  and  filtered  to  remove 
frequencies  above  360  Hertz.  The  scale  factor  Is  10  feet-per-second- 
squared/volt  and  the  output  limits  are  i  120  feet-per-sec-squared  or  t 
12  volts.  The  load  Impedance  on  this  output  should  not  be  less  than 
5000  ohms. 


The  ABRB  PWR  OUT  (absorbed  power  output)  banana  Jack  pair  Is  also 
provided  for  use  with  a  visual  recording  device.  This  signal  Is  a 
measure  of  the  Instantaneous  absorbed  power  before  the  mathematical 
averaging  process.  The  scale  factor  of  this  signal  Is  0.1  watt/volt 
with  the  range  switch  In  the  XI  position  and  1.0  watt/volt  with  the 
range  switch  In  the  XIO  position.  In  either  ease,  the  output  limit  Is 
12  volts.  The  load  Impedance  on  this  output  should  not  be  less  than 
5000  ohms. 
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CAUBMTIQH 


Thtrt  art  a  total  of  tight  calibration  adjustmtnts  In  this  Instrument. 
Thty  art  all  acctssibit  from  tht  front  panel.  These  adjustments  can  be 
divided  Into  tm  categories}  routine  calibration  and  component 
replacement  calibration.  Routine  calibration  should  be  performed  on  the 
following:  ACCEL  OFFSET  and  GAIN,  SQR  OFFSET.  WAH-SEC  OFFSET,  TINE 
OFFSET,  and  TINE  CAL.  ACCEL  OFFSET  and  GAIN  should  be  checked  each  time 
the  Instrument  Is  used  and  with  any  change  of  accelerometer  used  with 
the  Instrument.  The  remaining  four  calibrations  In  the  routine  group 
need  be  .checked  only  every  six  months  unless  a  large  change  In 
operational  temperature,  say  30*  F,  or  more,  or  severe  shock  to  or 
vibration  of  the  Instrument  has  been  encountered  Component  replacement 
calibration  Includes  routine  calibration  plus  the  adjustment  of  Xl  CAL 
and  UATT'SEC  CAL.  These  repairs  and  adjustments  should  be  made  only  by  a 
trained  technician.  This  calibration  Is  necessary  only  after  Internal 
components  have  been  replaced  due  to  component  failure  or  when  response 
to  routine  calibration  Is  improper. 

Routine  Calibration  Procedure 

There  will  exist  considerable  variation  In  scale  factors  and  offsets 
among  the  accelerometers  used  with  this  Instrument.  This  Instrument  can 
be  adjusted  to  compensate  for  these  accel orometer  variations.  It  Is 
therefore  necessary  to  associate  a  particular  accelerometer  with  each 
Instrument,  and  include  that  accelerometer  In  the  routine  calibration 
procedure. 

*  The  unit  should  be  connected  to  a  26  t  4  Volt  DC  power  supply  with 
at  least  a  250  mllliampere  capacity. 
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*  All  cabiss  should  b«  proporly  connocted,  Including  the 

accelerometer  and  Its  cable. 

*  The  ACC  OUT  -  TAPE  IN  Jumper  should  be  In  place. 

Accel  Gain  k  Accel  Offset: 

*  Connect  a  DC  multi -voltmeter  with  0.5X  or  better  accuracy  across 
the  FIL  ACC  OUT  terminals. 

*  Place  the  accelerometer  on  a  firm  surface  to  sense  vertical 
acceleration  In  the  same  direction  as  Installed  In  a  vehicle. 

*  Adjust  ACCEL  OFFSET  until  the  voltmeter  reads  within  IS  millivolts 
of  zero. 

*  Place  the  accelerometer  so  that  Its  sense  axis  Is  perpendicular  to 
Its  zero  position.  (Lay  It  on  Its  side.) 

*  Adjust  ACCEL  GAIN  until  the  voltmeter  reads  within  SO  millivolts  of 
•3.22  volts.  If  the  voltage  Is  positive,  the  sense  axis  of  the 
accelerometer  Is  reversed.  (Rewire  by  flipping  the  output  leads  on 
the  accelerometer  connector.) 

A  certain  amount  of  Interaction  between  the  above  adjustments  can 
be  expected.  Continue  by  alternating  between  the  two  adjustment 
procedures  until  both  conditions  are  met. 

*  Disconnect  the  multi -voltmeter  from  the  unit. 

Sqr  Offset; 

*  Connect  a  DC  multi -voltmeter  with  0.5X  or  better  accuracy  across 
the  ABRB  PWR  OUT  terminals. 

*  Remove  the  Jumper  between  ACC  OUT  and  TAPE  IN  terminals. 

*  Short  circuit  the  TAPE  IN  terminals  with  the  Jumper. 
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Adjust  SQR  0FFSE1  until  th«  voltmetsr  reads  within  3  millivolts  of 
zero. 

Disconnect  the  multi •voltmeter  from  the  unit. 


Wett-see  Offset: 

*  Short  circuit  the  TAPE  IN  terminals. 

*  Place  the  Instrument  panel  meter  switch  In  the  TIME  position. 

*  Press  the  RESET  button  to  reset  the  timer. 

*  If  necessary,  operate  the  START-STOP  button  to  stop  the  timer. 

*  Move  the  panel  meter  switch  to  the  WATT-SEC  position. 

*  Adjust  the  WATT-SEC  OFFSET  to  reduce  the  drift  of  the  least 
significant  digit  of  the  panel  meter  to  less  than  once  In  ten 
seconds . 

It  Is  not  necessary  for  the  meter  to  be  reading  zero  for  this 

adjustment.  As  a  final  check,  >ESET  the  panel  meter,  and  note  the 
time  It  takes  to  register  a  leabi  significant  digit  change.  If  It 
Is  less  than  10  seconds,  perform  a  readjustment. 

Time  Offset  A  Time  Cal : 

*  Place  the  Instrument  panel  meter  switch  In  the  TINE  position. 

*  Press  the  RESET  button  to  reset  the  timer. 

*  If  necessary,  operate  the  START-STOP  button  to  stop  the  timer. 

*  Adjust  the  TINE  OFFSET  to  reduce  the  drift  of  the  least  significant 

digit  of  the  panel  meter  to  less  than  once  In  ten  seconds. 

It  Is  not  necessary  for  the  timer  to  be  reading  zero  for  this 

adjustment.  As  a  final  check,  RESET  the  panel  meter,  and  note  the 
time  It  takes  to  register  a  least  significant  digit  change.  If  It 
Is  less  than  10  seconds,  perform  a  readjustment  of  the  TINE  OFFSET. 
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When  the  offset  adjustment  Is  satisfactory,  RESET  the  timer. 

Using  a  stopwatch  or  clock  with  a  sweep  second  hand  as  a  reference 
standard,  operate  the  timer  for  60  seconds  using  the  START-STOP 
switch. 

If  the  timer  reading  differs  from  60.0  seconds  by  more  than  0.3 
seconds,  make  a  one  turn  adjustment  of  TIHE  CAL. 

RESET  and  rerun  the  timer  again  for  60  seconds. 

Note  the  time  difference  that  one  turn  made,  and  make  a 
proportional  corrective  adjustment  of  TINE  CAL. 

Continue  the  above  procedure  until  the  timer  reads  60.0  t  0.3 
seconds . 


This  concludes  the  routine  calibration  procedure. 
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COMPONENT  REPLACEHENT  CALIBRATION 

Aft«r  a  componant  Is  raplaetd,  tha  routina  calibration  procadura  must  ba 
complatad  first  bafora  par forming  this  calibration  procadura. 


XI  Calibration! 

*  Connact  an  oscillator  operating  at  10  t  1  Hz  sina  wava  into  tha 
TAPE  IN  terminals. 

*  Sat  unit  range  switch  to  XIO. 

*  Connact  a  heavily  damped  multi -voltmatar  across  ABRB  PWR  OUT  banana 
Jacks. 

*  Adjust  tha  oscillator  sinawava  amplitude  for  a  reading  of  0.5  t  .05 
VdC  on  tha  10  volt  scale  of  tha  multi -voltmeter,  and  note  the 
multi -voltmeter  reading. 

*  Sat  unit  range  switch  to  XI. 

*  Adjust  XI  CAL  so  that  tha  new  mater  reading  Is  Just  ten  times  tha 
noted  previous  reading. 


WATT-SEC  Calibration: 

*  Connact  an  oscillator  operating  at  10  t  1  Hz  sine  wave  into  the 
TAPE  IN  terminals. 

*  Sat  unit  range  switch  to  XIO. 

*  Connact  a  heavily  damped  multi -voltmeter  across  ABRB  PWR  OUT  banana 
Jacks. 

*  Adjust  the  oscillator  sinewave  amplitude  for  a  reading  of  0.5  t  .05 
VDC  cn  the  10  volt  scale  of  the  multi -voltmeter,  and  note  the 
multi -voltmeter  reading. 

*  Place  the  Instrument  panel  mater  switch  In  the  TIME  position. 
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*  Prsss  th«  RESET  button  to  roset  the  tlmsr. 

*  If  nectssary,  oparate  tha  START-STOP  button  to  stop  the  timer  and 
RESET  It  to  zero. 

*  Operate  the  timer  for  100.0  seconds  using  the  START-STOP  switch. 

*  Nova  the  panel  meter  switch  to  the  WATT-SEC  position. 

*  The  WATT-SEC  reading  on  the  panel  meter  should  be  100  times  the 
reading  In  the  multi -voltmeter.  For  example,  If  the  multi - 
voltmeter  reads  0.524,  the  WATT-SEC  panel  meter  should  read  52.4  t 
0.5  units. 

*  If  the  panel  meter  reading  differs  from  100  times  the  multi - 
voltmeter  reading,  make  a  one  turn  adjustment  of  WATT-SEC  CAL. 

*  RESET  and  rerun  the  timer  again  for  100  seconds. 

*  Note  the  time  difference  that  one  turn  made,  and  make  a 
proportional  corrective  adjustment  of  WATT-SEC  CAL. 

*  Continue  the  above  procedure  until  the  watt-sec  panel  meter  reads 
100  1  1  times  the  reading  on  the  multi -vol meter. 


This  concludes  the  total  Instrument  calibration  procedure. 


1  Hain  processor  unit  with  carrying  cast 
1  Ramott  motor  panel 

1  Start-Stop  pendant  switch  with  cable 

1  Interconnect  cable  -  main  processor  to  remote  meter  panel 

1  Power  Input  cable  -  main  processor  to  24  v.d.c.  source 

1  Accel erometar  Input  cable  -  connector  only 

1  Banana  plug  Jumper  cable 

SUGGESTED  ACCOMPANYING  ACCELEROMETERt 

Model  JTF  Order  Code  AG  112  Accel eromoter 
Range  t  10  g 
Sensitivity  10  mvlg 

Sensotec,  Inc. 

1200  Chesapeake  Ave. 

Columbus,  OH  43212 


